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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
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helps patients and caregivers make better informed healthcare choices. To fulfill its authorizing
mandate, PCORI partners with AHRQ to generate evidence synthesis products and make
comparative effectiveness research more available to patients and providers.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
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based on strong evidence from clinical studies. For more information about AHRQ EPC
systematic reviews, go to www.effectivehealthcare.ahrq.gov/reference/purpose.cfm.

AHRQ expects that the EPC evidence reports and technology assessments, when appropriate,
will inform individual health plans, providers, and purchasers as well as the healthcare system as
a whole by providing important information to help improve healthcare quality. Transparency
and stakeholder input are essential to the Effective Health Care Program. Please visit the website
(www.effectivehealthcare.ahrq.gov) to see draft research questions and reports or to join an
email list to learn about new program products and opportunities for input.

If you have comments on this evidence report, they may be sent by mail to the Task Order
Officer named below at: Agency for Healthcare Research and Quality, 5600 Fishers Lane,
Rockville, MD 20857, or by email to epc@ahrq.hhs.gov.
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ADHD Diagnosis and Treatment in Children and
Adolescents

Abstract

Objective. The systematic review assessed evidence on the diagnosis, treatment, and monitoring
of attention deficit hyperactivity disorder (ADHD) in children and adolescents to inform a
planned update of the American Academy of Pediatrics (AAP) guidelines.

Data sources. We searched PubMed®, Embase®, PsycINFO®, ERIC, clinicaltrials.gov, and prior
reviews for primary studies published since 1980. The report includes studies published to June
15, 2023.

Review methods. The review followed a detailed protocol and was supported by a Technical
Expert Panel. Citation screening was facilitated by machine learning; two independent reviewers
screened full text citations for eligibility. We abstracted data using software designed for
systematic reviews. Risk of bias assessments focused on key sources of bias for diagnostic and
intervention studies. We conducted strength of evidence (SoE) and applicability assessments for
key outcomes. The protocol for the review has been registered in PROSPERO
(CRD42022312656).

Results. Searches identified 23,139 citations, and 7,534 were obtained as full text. We included
550 studies reported in 1,097 publications (231 studies addressed diagnosis, 312 studies
addressed treatment, and 10 studies addressed monitoring). Diagnostic studies reported on the
diagnostic performance of numerous parental ratings, teacher rating scales, teen/child self-
reports, clinician tools, neuropsychological tests, EEG approaches, imaging, and biomarkers.
Multiple approaches showed promising diagnostic performance (e.g., using parental rating
scales), although estimates of performance varied considerably across studies and the SoE was
generally low. Few studies reported estimates for children under the age of 7. Treatment studies
evaluated combined pharmacological and behavior approaches, medication approved by the
Food and Drug Administration, other pharmacologic treatment, psychological/behavioral
approaches, cognitive training, neurofeedback, neurostimulation, physical exercise, nutrition and
supplements, integrative medicine, parent support, school interventions, and provider or model-
of-care interventions. Medication treatment was associated with improved broadband scale
scores and ADHD symptoms (high SoE) as well as function (moderate SoE), but also appetite
suppression and adverse events (high SoE). Psychosocial interventions also showed
improvement in ADHD symptoms based on moderate SoE. Few studies have evaluated
combinations of pharmacological and youth-directed psychosocial interventions, and we did not
find combinations that were systematically superior to monotherapy (low SoE). Published
monitoring approaches for ADHD were limited and the SoE is insufficient.

Conclusion. Many diagnostic tools are available to aid the diagnosis of ADHD, but few
monitoring strategies have been studied. Medication therapies remain important treatment
options, although with a risk of side effects, as the evidence base for psychosocial therapies
strengthens and other nondrug treatment approaches emerge.
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Executive Summary

Main Points
Diagnosis:

Multiple approaches showed promising diagnostic performance (e.g., using parental rating
scales), but estimates of performance varied considerably across studies, and the strength of
evidence (SoE)was generally low.

Diagnostic test performance likely depends on whether youth with attention deficit
hyperactivity disorder (ADHD) are being differentiated from typically developing children or
from clinically referred children who had some kind of mental health or behavioral problem.
Rating scales for parent, teacher, or self-assessment as a diagnostic tool for ADHD have high
internal consistency but poor to moderate reliability between raters, indicating that obtaining
ratings from multiple informants (the youth, both parents, and teachers) may be valuable to
inform clinical judgement.

Studies evaluating neuropsychological tests of executive functioning (e.g., Continuous
Performance Test) used study-specific combinations of individual cognitive measures,
making it difficult to compare performance across studies.

Diagnostic performance of biomarkers, EEG, and MRI scans show great variability across
studies and their ability to aid clinical diagnosis for ADHD remains unclear. Studies have
rarely assessed test-retest reliability, no findings have been replicated prospectively using the
same measure in independent samples, and real-world effectiveness studies of diagnostic
performance have not been conducted.

Very few studies have assessed performance of diagnostic tools for ADHD in children under
the age of seven years and more research is needed.

The identified diagnostic studies did not assess the adverse effects of being labeled correctly
or incorrectly as having a diagnosis of ADHD.

Treatment:

We found that several treatment modalities improve core ADHD symptoms compared to
control groups (e.g., placebo). These include FDA-approved medications and psychosocial
interventions with high or moderate strength of evidence.

FDA-approved stimulant (e.g., methylphenidate, amphetamine) and non-stimulant (e.g.,
atomoxetine, alpha agonist) medications had the strongest evidence across interventions for
significantly improving ADHD symptoms and additional outcomes, including broadband
measures and functional impairment.

Head-to-head comparisons did not detect statistically significant differences between
stimulant and non-stimulant medications for most effectiveness outcomes and adverse
events.

We found little evidence that combination therapies of medication plus psychosocial
therapies produce better results than medication alone, but existing research evaluated unique
combinations of intervention components.

Despite the large body of research, comparative effectiveness and safety information is
limited and more research is needed to help choose between treatments.

Data were insufficient to assess the effect of co-occurring disorders on treatment effects.
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e We found too few studies reporting on diversion to quantify the risk of diversion of
pharmacological treatment.

Monitoring:

e Very few monitoring studies have been reported, and more research is needed on how youth
with ADHD should be monitored over time.

e Different assessment modalities may provide valid but different perspectives, and more than
a single assessment modality may be required for comprehensive and effective monitoring of
ADHD outcomes over time.

Background and Purpose

ADHD is the single most prevalent behavioral and mental health problem in youth.
Approximately 10 percent of U.S. children have received a clinical diagnosis of ADHD, and
clinical diagnoses have increased steadily over time.

Commissioned by the Patient-Centered Outcomes Research Institute (PCORI), this review
assesses evidence on important gaps in knowledge related to the diagnosis of ADHD; concerns
about treatment strategies, including over- and under-treatment; and how to best monitor ADHD
patients over time.

This review updates prior AHRQ reviews on ADHD, ! and is meant to inform a planned
update of the American Academy of Pediatrics (AAP) guidelines.

Methods

The methods for this evidence review follow the Methods Guide for the Evidence-based
Practice Center (EPC) Program.* The evidence report is based on a systematic review protocol.
The evidence review team was supported by a Technical Expert Panel, a diverse panel of
relevant perspectives. The Key Questions (KQs) and the protocol were posted on the AHRQ
Effective Health Care website (https://effectivehealthcare.ahrqg.gov/products/attention-deficit-
hyperactivity-disorder/protocol) to allow additional public input. KQs addressed the diagnosis,
treatment, and monitoring strategies for ADHD in children and adolescents.

We abstracted diagnostic performance measures as reported by the individual study authors.
We converted to scale-independent standardized mean differences (SMD) and relative risks (RR)
together with the 95 percent confidence interval (CI) for treatment studies. For monitoring
studies, we reported all information on the success and impact of the monitoring strategy. We
reported the range of reported diagnostic performance for diagnostic studies; treatment studies
were summarized in random effects meta-analyses; monitoring studies were summarized
narratively. We differentiated high, moderate, low, and insufficient strength of evidence (SoE).

Results

The searches identified 23,139 citations. Of these, we obtained 7,534 as full text. In total, 550
studies reported in 1,097 publications met the eligibility criteria. This included 231 studies
addressing diagnosis (KQ1), 312 studies addressing treatment (KQ?2), and 10 studies addressing
monitoring (KQ3). The risk of bias in included studies varied considerably. The median
minimum age in included studies was six years old and the median number of girls included in
the studies was 25 percent.

We identified a large number of diagnostic approaches. Studies reported on the diagnostic
performance for parental ratings, teacher ratings, teen/child self-reports, clinician tools,

ES-2


https://effectivehealthcare.ahrq.gov/products/attention-deficit-hyperactivity-disorder/protocol
https://effectivehealthcare.ahrq.gov/products/attention-deficit-hyperactivity-disorder/protocol

neuropsychological tests, EEG approaches, imaging, and biomarkers. Multiple approaches
showed promising diagnostic performance (e.g., parental rating scales) but estimates of
performance varied considerably across studies and the SoE was generally low. Diagnostic test
performance likely depends on whether youth with ADHD are being differentiated from
typically developing children (i.e., a discrimination of little clinical relevance) or from clinically
referred children who have some kind of mental health or behavioral problem.

Rating scales for parent, teacher, or self-assessment as a diagnostic tool for ADHD have high
internal consistency but poor to moderate reliability between raters, indicating that obtaining
ratings from multiple informants (the youth, both parents, and teachers) may be valuable to
inform clinical judgement. Studies evaluating neuropsychological tests of executive functioning
(e.g., Continuous Performance Test) used unique and study-specific combinations of individual
cognitive measures, making it difficult to compare performance across studies.

Diagnostic performance of biomarkers, EEG, and MRI scans show great variability across
studies and their ability to aid clinical diagnosis for ADHD remains unclear. Studies have rarely
assessed test-retest reliability, no findings have been replicated prospectively using the same
measure in independent samples, and real-world effectiveness studies of diagnostic performance
have not been conducted.

Very few studies have assessed performance of each of the diagnostic tools for ADHD in
children under the age of seven years and more research is needed. Furthermore, the identified
studies did not assess the adverse effects of being labeled correctly or incorrectly as having a
diagnosis of ADHD.

Treatment studies evaluated FDA-approved pharmacologic treatment and other
pharmaceutical agents, psychological or behavioral approaches, combined pharmacological and
behavior, cognitive training, neurofeedback, neurostimulation, physical exercise, nutrition and
supplements, integrative medicine, parent support, school interventions, and provider or model
of care interventions aiming to treat or manage ADHD.

We found that several treatment modalities improve core ADHD symptoms compared to
control groups (e.g., placebo). These included FDA-approved medications (SMD -0.61; CI -0.69,
-0.52; 49 studies, n=7685; RR 1.71, CI 1.33, 2.19; 13 studies, n=1918; high SoE) and
psychosocial interventions (SMD -0.35, CI -0.51, -0.19; 14 studies, n=1686; RR 1.75; CI 1.14,
2.71; 1 study, n=114; moderate SoE).

FDA-approved medications had the strongest evidence for significantly improving additional
outcomes, including measures describing child behavior more broadly beyond ADHD symptoms
(SMD 0.57; C1 0.48, 0.67; 28 studies, n=4467; RR 0.51; C1 0.43, 0.60; 25 studies, n=3959; high
SoE) and functional impairment (SMD 0.50; CI 0.05, 0.96; 10 studies, n=1703; moderate SoE).
Medication studies typically did not include children under six years of age. Head-to-head
comparisons did not detect statistically significant differences between stimulants and non-
stimulants for most effectiveness outcomes, such as ADHD symptoms (SMD 0.23; CI -0.03,
0.49; 7 studies, n=1611; low SoE) and adverse events, such as appetite suppression (RR 0.82; CI
0.53, 1.26, 8 studies, n=1463; low SoE). Identified combination therapies of medication plus
youth-directed psychosocial interventions did not systematically produce better results than
medication alone (e.g., ADHD symptoms SMD -0.36; CI -0.73, 0.01; 7 studies, n=841; low
SoE), although existing research evaluated unique intervention bundles, and the evidence base is
limited.
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Despite the large body of research, comparative effectiveness and safety information is
limited. Across studies, medication therapy evaluations reported more adverse events than non-
medication interventions.

Data were insufficient to assess the effect of co-occurring disorders on treatment effects. We
found too few studies reporting on diversion to quantify the risk of diversion of pharmacological
treatment.

We identified only a very small number of evaluations of strategies monitoring ADHD over
time. Studies did not provide information on key comparative effectiveness and safety outcomes,
and SoE is insufficient.

Strengths and Limitations

Our comprehensive review addresses numerous important diagnostic and treatment questions
relevant to clinical practice. Despite the large number of identified studies, some areas remain
the subject of future research, including identifying key effect modifiers explaining variation in
diagnostic performance and comparative effects of ADHD treatments. In addition, the evidence
base for ADHD monitoring strategies is very limited.

Implications and Conclusions

A large number of diagnostic tools are available to inform the clinical diagnosis of ADHD,
but there is great variability across studies. Medication therapy remains a central treatment
modality, though with a risk of side effects, even as evidence for non-pharmacological therapies
strengthen and as novel treatment approaches emerge. Few monitoring strategies have been
evaluated.
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1. Introduction

1.1 Background

Attention deficit hyperactivity disorder (ADHD) is the single most prevalent
behavioral and mental health problem in youth. Approximately 10 percent of U.S.
children have received a clinical diagnosis of ADHD.! Clinical diagnoses have increased
steadily over time,? though the higher rates may be attributable to changing clinical
practices (including changes in diagnostic criteria, awareness, clinical practice guidelines,
and educational policies that motivated clinical assessment and diagnosis), rather than to
an increase in true population rates. The prevalence of ADHD based on rigorous
diagnostic procedures is approximately 5.3 percent, a rate that is similar across
geographic regions worldwide and that has remained constant over more than 20 years
when diagnostic criteria have remained constant.® This rate, when compared with the
much higher rates of clinical diagnoses, suggests that a large number of youth may be
receiving a diagnosis when they should not be. Alternatively, the increasing rates of
diagnosis could represent the clinical recognition of youth who have clinically significant
and functionally impairing ADHD symptoms but who may not meet full, formal
diagnostic criteria,* since increasing evidence suggests that ADHD symptoms are
continuously distributed quantitative traits and therefore lie on a continuum of severity in
the general population.’”” Some youth, however, are misdiagnosed as having ADHD
when they in fact have symptoms of other disorders that are similar to, or overlap with,
the symptoms of ADHD — difficulty concentrating, for example, is a symptom that occurs
in many other conditions.® ADHD is more than twice as likely to be diagnosed in boys
than in girls,' though this sex-specific difference in prevalence is thought to derive at
least in part from diagnostic biases and cultural influences, in addition to true underlying
biological determinants.” '© ADHD is a more prevalent diagnosis in youth from low-
income families!! and in Caucasian compared to Black, Hispanic, and Asian youth,'?
although diagnostic bias, ethnocentrism, and cultural influences may again contribute to
these socioeconomic, ethnic, and racial disparities in diagnostic rates.'>

The first question patients, parents, teachers, and clinicians ask when considering
ADHD is, “Does this child truly have ADHD?” Unfortunately, clinician judgement,
especially by non-specialist clinicians in primary care, is poor in diagnosing ADHD'
compared with expert, research-grade diagnoses by mental health clinicians.'® Accurately
identifying youth who have ADHD has proved difficult at a population level, in part
because diagnoses are often made using subjective clinical impressions and limited
diagnostic tools. These tools include structured and semi-structured parent, youth, and
teacher questionnaires. They represent an improvement over unsupported clinician
judgement, but they are nevertheless highly subjective, prone to disagreement across
eporters,'” and likely overestimate the prevalence of ADHD.!3 ' More objective
diagnostic tools have been proposed, including activity monitors,?’ neuropsychological
test measures,>'2* biomarkers such as genotyping,? electrophysiological indices,*® ?’ and
magnetic resonance imaging (MRI) measures,?® ?° though they are not yet established
diagnostic tools.

It is essential to know how the comparative accuracy of these diagnostic tools varies
by clinical setting, including primary care or specialty clinic, and/or patient subgroup,
including age, sex, socioeconomic status, racial or ethnic group, co-occurring mental,
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emotional, or developmental disorders, or other risk factors associated with ADHD. The
accuracy of an ADHD diagnosis is thought to be especially poor in preschool-aged
children, for whom hyperactivity, general rambunctiousness, and difficulties with
impulse control are often relatively normative and difficult to distinguish from ADHD-
related behaviors. Preschool youth also typically do not have the same classroom
expectations for behavioral self-regulation that are expected of children in elementary
school,*® further obscuring the distinction between ADHD and neurotypical early
childhood behaviors. Numerous population-based studies have found that the youngest
children in a school year are much more likely to be diagnosed as having ADHD or to
receive ADHD medication than their older classmates.>!

ADHD diagnosis is normally based on an assessment to determine whether the
patient meets the criteria described in the Diagnostic and Statistical Manual of Mental
Disorders, 5" edition, text revision (DSM-5-TR).>? Rating scales, which can be
completed by parents, teachers, and/or patients, are used to evaluate the frequency and
severity of each of the 18 symptoms in DSM-5-TR3? (9 symptoms related to inattention,
and 9 symptoms related to hyperactivity/impulsivity), as well as the degree of symptom-
related impairment across settings (e.g., home, school, work). Rating scale data are
integrated with a clinical interview to determine the onset, course, duration, and
impairment associated with symptoms. In addition, screening and clinical evaluation of
potential co-occurring psychiatric conditions is a key part of the diagnostic process.
Important questions remain about the accuracy of this approach in primary care settings.
A particular challenge 2opular2ng ADHD from other conditions that may appear similar
(e.g., anxiety, conduct disorders) and determining whether another condition may better
explain ADHD symptoms or is present as a co-occurring diagnosis. Co-occurring
problems are the rule, as approximately half of youth with ADHD are diagnosed with an
oppositional defiant or conduct disorder diagnosis, one-third have an anxiety disorder,
and 20 percent have depression.?

Inaccurate diagnoses of ADHD can lead either to the administration of treatments,
usually stimulant medications, in children who do not need them, or to the withholding of
treatment and services for those who would benefit from such treatments.?% >3
Prescription of stimulant medications across the U.S. population has doubled in the last
decade,** with a prevalence in 2019 of approximately six percent, and as high as 14
percent regionally.>> These rates are higher than the 5.3 percent population prevalence of
rigorously diagnosed ADHD,*¢ suggesting that many youth may be receiving stimulants
when they do not have ADHD 3% 37 These trends have created alarm in the lay public,
policy makers, and healthcare providers.?”- ¥ Adding to their concern is that diversion and
abuse of stimulants is common, particularly in college students*® and not infrequently by
parents.*’ Little is known or understood about how the risk for diversion and abuse of
stimulant medications approved for ADHD varies with patient characteristics (e.g., as a
function of age, race/ethnicity, or socioeconomic status). Conversely, only about half of
U.S. children who receive a clinical diagnosis of ADHD are treated with stimulants,*!
suggesting a large number of children are not receiving medication when perhaps they
should be.

Additional important consequences of an incorrect diagnosis can include stigmatizing
youth unnecessarily with a diagnosis of ADHD>® *? on the one hand (i.e., “labeling
harms,” which can impair self-esteem or reduce future educational attainment or career
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opportunities** or failing to provide a correct diagnostic framework for appropriate,

timely, and evidence-based interventions on the other. Misdiagnosis of ADHD not only
leads to its overdiagnosis or underdiagnosis, but it can also can lead to incorrectly
diagnosing as ADHD other conditions that share symptoms with ADHD (e.g., anxiety,
conduct disorders, bipolar disorder, complex trauma, difficult home environments,
attachment problems, sleep disturbances, other medical disorders/diseases, speech or
language delay, or developmental disorders).*** Thus, treating disorders misconstrued as
ADHD may withhold appropriate psychosocial and psychological therapies for those
conditions and instead inappropriately treat them with stimulants and other ADHD
therapies that may have little or no effectiveness in treating those conditions.

Once a diagnosis of ADHD is made, patients and their parents ask, “What treatment
should be undertaken?”” The answer to this question is challenging for most clinicians and
requires a detailed and accurate understanding of the comparative safety and
effectiveness of pharmacologic and behavioral treatments for improving not only the
immediate symptoms of ADHD, but also the long-term impact that ADHD has on
academic and occupational success, mental health, substance abuse, and conduct or
antisocial behaviors.’ This answer, however, is always conditioned on characteristics of
the individual child or the child’s environment that are known to modify response to
treatment. These “tailoring variables” can include patient age, ADHD presentation
(primarily inattentive, hyperactive/impulsive, or combined), socioeconomic status, race
and ethnicity, prior trauma history, co-occurring conditions (e.g., depression or anxiety),
family conflict, and biomarker status (e.g., genotype, cognitive testing profile).>!> 2
Possible benefits of medication must be weighed against risks and side effects. Many
parents and clinicians do not have ready access to information that can help them identify
and assess these potential risks and whether their child is likely to respond better or worse
to any specific possible treatment they might undertake.

Treatment strategies for ADHD are diverse and can be divided into pharmacologic
and nonpharmacologic therapies. The main categories of pharmacologic therapies include
stimulants (either methylphenidate or amphetamine derivatives) or non-stimulants
(norepinephrine reuptake inhibitors, alpha-2 agonists, and antidepressants). The current
frontline treatment for ADHD is stimulant medication, with or without combined
psychological and behavioral therapies. Nonpharmacologic therapies include
psychosocial interventions (e.g., homework, organizational, and social skills training,
sleep-focused interventions, dialectical behavior therapy, cognitive behavior therapy, and
mindfulness training), school-based interventions (e.g., psychoeducation and expert
consultation for class-room based interventions by teachers), cognitive training
(e.g., training of working memory, executive function, and motor skills using interactive
games and tasks), parent support (e.g., behavioral training for parents, in-home nurse
visits, group psychotherapy, telephone-assisted self-help, psychoeducation, and parental
friendship coaching), provider interventions (e.g., psychoeducation and training of
providers, support for monitoring therapeutic response, and expert consultation)
neurofeedback (e.g., learning to modulate electroencephalogram [EEG] activity),
nutritional or dietary supplements (e.g., Omega-3, vitamins, herbs), complementary,
alternative, or integrative medicine (acupuncture, homeopathy, physical therapy, and
chiropractic treatment).
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In children over the age of 5, the American Academy of Pediatrics (AAP) recommends
stimulants as the first line of therapy.'® Whether combining behavioral therapy with
stimulant medication confers a significant benefit over stimulants alone, or whether
nonpharmacologic therapy alone may be effective, is at present unclear. Adverse effects
of pharmacologic treatment depend on the specific intervention and may include
gastrointestinal symptoms, changes in appetite, slowed somatic growth, and sleep
disturbance.> Treatment can also lead to personality changes or perceived loss of
spontaneity. Individuals who are initially misdiagnosed or who have inadequate
monitoring may be overtreated with stimulant medications. Overtreatment leads to the
risk of treatment with little or no benefit or to unnecessary side effects. Long-term
adherence to medication regimens is often poor in youth who have ADHD and can limit
the long-term, real-world effectiveness of medication.>*

Long-term outcomes for both medication and non-medication therapies have been less
well studied,> and little is known about which treatment to begin first and for whom, or
how best to sequence treatments for ADHD when the first intervention proves ineffective
or insufficient. Recent advances in the development and testing of novel therapies for
ADHD warrant a systematic review of their efficacy and effectiveness that will provide
information eagerly awaited by the field. These novel therapeutics include cognitive
training, game-based digital devices such as EndeavorRx, approved by the Food and
Drug Administration (FDA), and neuromodulation techniques such as repetitive
Transcranial Magnetic Stimulation and the FDA-approved external Trigeminal Nerve
Stimulator.33-%

Once treatment is begun, the central question is, “Is the treatment working?” The
answer to this question is not as straightforward as it may at first appear, as ADHD
symptoms and the capacity to compensate for them may vary over time and with
circumstance (e.g., school day or weekend, the presence of psychosocial stress), by
symptom presentation (e.g., hyperactivity, inattention, impulsivity), and by functional
domain (academics, risk-taking behaviors, socialization). Thus, valid and reliable
methods are needed to monitor treatment response easily and accurately. If the current
treatment is not producing the desired response, or if side effects are limiting the dose of
medication prescribed, the final question is what to do next to improve short- and long-
term outcomes. For example, is it better to optimize dosing of the current medication,
switch to another first-line medication, switch to a second-line medication, add an
additional medication, or add an adjunctive psychological or behavioral therapy? And
how does a clinician or parent prevent the complete abandonment of treatment, which is
exceedingly common, when the first line treatment is ineffective or produces troubling
side effects?%’

After a child is diagnosed with ADHD and an initial treatment strategy is determined,
a monitoring strategy is applied to ensure that outcomes are evaluated over time, and
modification of treatments are made when needed.®® Ideally, repeat monitoring should
provide the opportunity to intervene (e.g., modify the treatment) before the undesirable or
adverse outcomes associated with ADHD occur or determine whether and which
treatment for remains clinically indicated. Several instruments are available to assess
treatment response and adverse effects over time, including the Vanderbilt, Conners,
ADHD Rating Scale-5, and Swanson, Nolan, and Pelham Rating Scale (SNAP)-IV rating
scales. Monitoring may also include assessment of any adverse treatment effects. The
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frequency of monitoring may depend on the age of the child, the specific treatment,
duration of treatment, previous symptoms, co-occurring conditions, and family and
healthcare provider preferences. For example, monitoring into adulthood is often
desirable or needed, as one-third to one-half of patients with ADHD will have clinically
significant symptoms that persist into adulthood. Monitoring for long-term adverse
outcomes in domains distinct from ADHD symptom severity is important, since youth
with ADHD are at increased risk for future problems associated with risk-taking, such as
substance abuse, motor vehicle accidents, unprotected sexual intercourse, and criminal
behavior. They are also at considerable risk as adults for chronic health problems,
including diabetes, heart disease, and poor oral health, in part because they engage in
behaviors that increase risk for these conditions, and they often fail to adhere to health-
protective behaviors. They are also at risk for future depression, anxiety, suicide attempts,
and problematic peer and family relationships.? >° In addition, the long-term effectiveness
of standard and novel interventions for ADHD, and their potential long-term adverse
effects, are not well known®’* and are difficult to detect and document for these diverse
outcomes,”*’® even though they are critically important considerations for patients,
parents, and clinicians as they make treatment decisions. Knowledge of the ways in
which unique patient characteristics modify these short- and long-term treatment
outcomes is essential to tailor and personalize care for individual patients.”’

1.2 Purpose and Scope of the Systematic Review

This review updates prior AHRQ reviews on ADHD.!!:33 7 [t builds on the previous
reports and will address important gaps in knowledge related to the diagnosis of ADHD,
concerns about overtreatment and undertreatment, and conflicting literature about the
effectiveness of long-term treatment. The review is especially intended to be a resource
for clinicians, researchers, and policymakers, although through them, we hope the review
will benefit the many youth who have ADHD, as well as their families and teachers. We
anticipate that the analyses and results will be difficult for most parents, educators, and
lay persons to understand, although the executive summary, key points, and discussion
are intentionally crafted to be accessible to a much wider audience. Finally, this
systematic review aims to inform a planned update of the current American Academy of
Pediatrics (AAP) clinical guidelines for the diagnosis, evaluation, and treatment of
ADHD.

Since the last AHRQ report was published, further diagnostic and treatment strategies
have been suggested, warranting an update of the literature. Identified references address
predominantly diagnostic questions such as the diagnostic validity of specific tests and
suggested diagnostic tools. Furthermore, key studies that provide important information
on the diagnosis of ADHD predate the most recent ADHD report. Hence, the current
systematic review will include older studies. Searches for studies of diagnostic tools will
extend back to 1980, when the diagnosis of ADHD and its diagnostic criteria were first
introduced in the DSM as Attention Deficit Disorder with or without hyperactivity
(DSM-III).”°

In addition, since the last AHRQ review, several studies have been published that
explore novel interventions, such as game-based cognitive therapy or computer training.
Furthermore, key studies that predate the most recent ADHD report provide important
information on the treatment of ADHD. Hence, the current systematic review also
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includes older treatment studies. Searches for studies of ADHD interventions will
therefore extend back to 1980, when long-acting stimulants were introduced, heralding
the modern era of ADHD pharmacotherapy.

Given that the 2018 AHRQ report on ADHD identified no monitoring study, we
removed limits on the search date for this question and will aim for a comprehensive
review that considers older studies (the 2018 report included only studies published to
2009). Based on discussions and preliminary literature searches, we still do not expect to
identify many studies for monitoring strategies and long-term outcomes, although we
anticipated that some data may be available from the educational and school psychology
literature, such as Response to Intervention — Behavioral (RTI-B) strategies to monitor
behavioral and psychosocial interventions in the classroom that aim to improve ADHD
outcomes.

To our knowledge, no prior reviews of ADHD have been as comprehensive as the
current review in the range of diagnostic tools, treatments, clinical outcomes, participant
ages, and year of publication for the included studies. We hope that it will be a valuable
resource for patients, families, clinicians, educators, policymakers, and researchers for
years to come.



2. Methods
2.1 Review Approach

The methods for this evidence review follow the Methods Guide for Evidence-based Practice
Center (EPC) Program. Appendixes provide supplementary information. Appendix A contains
the methods. Appendix B lists the excluded studies as well as the background studies. Appendix
C contains the evidence tables for the included studies. Appendix D has the critical appraisal and
applicability tables for each included study, and Appendix E lists the included studies.

The topic of this report was developed by the Patient-Centered Outcomes Research Institute
(PCORI) in consultation with the Agency for Healthcare Research and Quality (AHRQ). Key
Questions (KQs) were posted on AHRQ’s Effective Health Care (EHC) website for public
comment in August 2021 for 3 weeks. PCORI conducted an online townhall meeting to discuss
the comments in November 2021 (Appendix F). The protocol was refined following this input
through public posting of the KQs, the townhall meeting, input from Key Informants, and a
Technical Expert Panel. The final protocol is posted on the EHC website. A panel of technical
experts provided high-level content and methodological expertise throughout development of the
review protocol. The protocol for the review has been registered in PROSPERO
(CRD42022312656). Appendix G includes the PCORI checklist.

2.1.1 Key Questions

The KQs proposed for the systematic review, addressing diagnosis (KQ1), treatment (KQ2),
and monitoring (KQ3) of ADHD, were refined following input from Key Informants, input
through public posting, and a townhall organized by PCORI.

We obtained input from eight Key Informants. Key Informants included a parent of an
underserved, ethnic minority (Hispanic) youth with attention deficit hyperactivity disorder
(ADHD), an advocate from the national advocacy group CHADD (Children and Adults with
ADHD), an expert in medical safety, an expert in testing and assessment, a representative from
the Association for Child and Adolescent Counseling (ACAC), a family medicine representative,
and members of the guideline group who will use the review to update the guidelines. The Key
Informants showed strong support for the importance and relevance of the KQs. They suggested
relevant references and provided important input on terminology relevant to the literature
searches. There were discussions about developments since the last report and about where the
field is now from the perspective of each participant.

Additional input on the project was received through public posting of the review questions
on the AHRQ website. The posting aimed to ensure that the review is addressing the right
questions, and all aspects have been considered. A submission from the American Psychological
Association (APA) and a submission from a researcher at Immaculata University addressed all
review questions. For KQ1, input stressed the importance of minimizing false positive diagnoses
from the presence of co-occurring conditions; costs and reliability of electroencephalogram
(EEG) diagnostic information; that a developmental lens should be adopted (e.g., does a child’s
relative age and developmental maturity in comparison to classmates influence the odds of
receiving a diagnosis of ADHD?); that the role of sleep, trauma, and language development
should be considered; and that annual reassessments of behaviors and impairment are important.
For KQ?2, input addressed the importance of reviewing the effects of medications and the risk of
diversion of pharmacological treatment; of treatment fidelity; of adherence to and persistence of
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medication use; of behavioral treatment, including use of different modalities (in person, video,
online); and of the Multimodal Treatment of ADHD study, specifically. For KQ3, the input
targeted the conduct of routine assessments, including reports from parents, teachers, and the
children/adolescents, that should be accessible to all parties; and that routine monitoring should
be part of the child/adolescent’s record.®

Finally, at the online townhall meeting in November 2021 hosted by PCORI, there were
passionate discussions and advocacy for changes in ADHD policy and research. Some
participants felt strongly that both important policies and data were lacking across the board.
Specific areas identified by this group included lumping ADHD-Inattentive with the Combined
presentation, the lack of empirical data on executive function training and executive function
coaches, the general lack of specific and feasible non-pharmacological interventions that parents
can use easily and have access to, as well as the lack of availability of parent training programs
being offered before initiating stimulant medication.

Following Key Informant and public input, the KQs are as follows:

KQ1. For the diagnosis of ADHD:

a. What is the comparative diagnostic accuracy of approaches that can be used in
the primary care practice setting or by specialists to diagnose ADHD among
individuals younger than 7 years of age?

b. What is the comparative diagnostic accuracy of EEG, imaging, or approaches
assessing executive function that can be used in the primary care practice setting
or by specialists to diagnose ADHD among individuals aged 7 through 177?

c. For both populations, how does the comparative diagnostic accuracy of these
approaches vary by clinical setting, including primary care or specialty clinic, or
patient subgroup, including, age, sex, or other risk factors associated with
ADHD?

d. What are the adverse effects associated with being labeled correctly or
incorrectly as having ADHD?

KQ2. What are the comparative safety and effectiveness of pharmacologic
and/or nonpharmacologic treatments of ADHD in improving outcomes
associated with ADHD?

a. How do these outcomes vary by presentation (inattentive, hyperactive/impulsive,

and combined) or other co-occurring conditions?
b. What is the risk of diversion of pharmacologic treatment?

KQ3. What are the comparative safety and effectiveness of different
empirical monitoring strategies to evaluate the effectiveness of treatment in
improving ADHD symptoms or other long-term outcomes?

While the diagnosis and treatment KQs are unchanged from the 2018 AHRQ EPC report on
the topic, the KQ regarding monitoring ADHD over time was rephrased for clarity. The
restricted age range for sub-question 1b is based on recognition that most of these specialized
technologies require the child to remain very still, which is difficult for children younger than
seven. Neuropsychological tests as well as genetic markers are included in 1a and 1b. In question
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1d, we will assess whether the literature suggests whether these adverse effects differ for those
youth who are on the threshold of clinical or subclinical diagnoses. Co-morbidities may include
co-occurring conditions such as conduct disorder, mood disorders, autism spectrum disorders,
Williams syndrome, Down syndrome, learning and language disabilities, and developmental
coordination disorder. Questions 2 and 3 address effectiveness as well as adverse outcomes.

2.1.2 Analytic Framework

The analytic framework (Figure 1) depicts the KQs and outcomes to evaluate the diagnosis,
treatment, and monitoring strategies for ADHD.

Figure 1. Analytic framework

Individuals birth-17
years of age without
ADHD diagnosis

Clinical setting DIAGNOSIS ) -
Age ADHD Diagnoesis

KQ1

Sex
Race/ethnicity
Socioeconomic
status

Insurance status
Geographic
location

Risk factors
Presentation
Comorbidities

MONITORING KQ 3

3 Einal Qutcomes

TREATMENT

Academic performance
Workforce participation
Quality of peer relationships
Divarce/relationship status
Motor vehicle collisions or

Intermediate Outcomes
Standardized symptom scores
Progress toward patient-identifie
= goals

Adverse Effects of
Diagnosis
e Labeled
correctly or
incorrectly

Pharmacologic
Nonpharmacologic

Ka2

Adverse Effects of Treatment

other accidents

Motor vehicle violations
Risk-taking behaviors
Incarceration or other legal
system involvement
Qbesity

Tobacco use

Substance abuse

Mood disorders
Depression and anxisty
Self-injurious behavior
Suicide (attempted/completed)
Suicidal ideation

Mortality

Executive functioning measures
Acceptability of treatment

Functional impairment .
Changes in treatment or dose

Appetite, growth, weight changes
Sleep disturbance
Gastreintestinal symptoms
Elevated blood pressure
Increased heart rate

Sudden cardiac death

Cardiac arrhythmias, conduction abnormalities
Tics or other movement discrders

Hallucination

Aggression

Suicide (attempted/completed), suicidal ideaticn
Personality / behavior changes
Loss of spontaneity
Overtreatment

Diversion, misuse

Parental stress

Time demands / opportunity cost

Notes: ADHD = Attention deficit hyperactivity disorder, KQ = Key Question

2.2 Study Selection

The eligibility criteria are organized in a PICOTSO (population, intervention, comparator,
outcome, timing, setting, study design, and other limiters) framework. The report includes
studies published from 1980 to June 2023.

2.2.1 Search Strategy

For primary research studies, we searched the database PubMed® (biomedical literature),
Embase® (pharmacology emphasis), PsycINFO (psychological research), and ERIC (education
research). We also searched the U.S. trial database — ClinicalTrials.gov — to capture all relevant
data regardless of the publication status. Increasingly trial registries include data and a complete
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record of adverse events, making them an important evidence review tool to identify all relevant
data and to reduce publication bias.

We used existing reviews for reference-mining; these were identified through the same
databases used for primary research plus searching the Cochrane Database of Systematic
Reviews, Campbell Collaboration, What Works in Education, and PROSPERO. Scoping
searches identified several published reviews. These often address medication treatment with an
increased focus on safety.®#* Given that many practice guidelines are now based on systematic
reviews, we also searched the ECRI Guidelines Trust, G-I-N, and ClinicalKey. Using external
systematic reviews in addition to building on prior AHRQ reports increases the certainty that all
relevant studies have been captured.

The literature searches for this project were built on prior ADHD reports published by
AHRQ. KQ1 searches covered 1980 to 2011, and 2016 to present. Since research published
between 2011 and 2016 was thoroughly screened by the 2018 review, we used the identified
studies listed in the 2018 AHRQ report to cover 2011 to 2016. KQ2 searches covered 1980 to
2011 and 2016 to date, omitting search terms covered in the 2011 AHRQ report, and adding the
adolescent population, which was not previously fully covered. We used the identified studies in
the AHRQ report and reference-mining of pertinent reviews to identify relevant studies. KQ3
searches were not limited by date. We simplified the search strategies and removed filters for
specific interventions for key databases to ensure that no existing test or intervention evaluation
would be missed. Searches were designed, executed, and documented by the evidence review
center librarian. The search strategy underwent peer review to ensure high quality searches. The
search strategies for the databases are shown in the methods appendix (Appendix A).
Furthermore, we used information provided by content experts,®® and the Technical Expert Panel
reviewed the list of included studies to ensure that all relevant literature has been captured.

We used detailed pre-established criteria to determine eligibility for inclusion and exclusion
of publications in accordance with the AHRQ Methods Guide for Effectiveness and Comparative
Effectiveness Reviews. To reduce reviewer errors and bias, all citations were reviewed by a
human reviewer and screened by a machine learning algorithm. Citations deemed potentially
relevant were obtained as full text. Each full-text article was reviewed for eligibility by two
literature reviewers, including any articles suggested by peer reviewers or that arose from the
public posting process, submission through the SEADS (Supplemental Evidence And Data for
Systematic reviews) portal, or response to Federal Register notice. Any disagreements were
resolved by consensus. We maintain a record of studies excluded at the full-text level with
reasons for exclusion (see Appendix B).

The SEADS portal was open from July 1% through August 15" 2022. We received two
submissions, including one from the American Academy of Child and Adolescent Psychiatry.
Submissions include comments on the need for an evidence review of ADHD research, the
usefulness of the review as outlined in the posted protocol, and in total four published studies
were submitted to be considered for the systematic review.

While the draft report was under peer review and open for public comment, we updated the
search and included any eligible studies identified either during that search or through peer or
public review suggestions in the final report.

2.2.2 Eligibility Criteria

The detailed inclusion and exclusion criteria are listed in Table 1.

10
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Table 1. Eligibility criteria

years of age without the
diagnosis of ADHD

Exclusion: Individuals 18 years
of age or older unless findings
are reported separately for
younger participants

of age with a diagnosis of ADHD

Exclusion: Individuals 18 years of
age or older unless findings are
reported separately for younger
participants

PICOTSO KQ1 (Diagnosis) KQ2 (Treatments) KQ3 (Monitoring)
Element
Population Individuals birth through 17 Individuals birth through 17 years Individuals birth through 17 years

of age who have previously begun
treatment for ADHD

Exclusion: For long-term studies,
the age of the individuals were
greater than 17, but these studies
were only considered for inclusion
if the age at enroliment in the study
was 18 years or younger, and
administrative claims data used for
diagnosis of ADHD

Interventions

Any ADHD diagnostic strategy
for the diagnosis of ADHD in
children through 17 years

Exclusion: Validation studies or
not reporting on diagnostic
performance; non-English
language questionnaires and
interview guides

Any treatment of ADHD, alone or
in combination.

Exclusion: Studies with less than
4 weeks of treatment

Follow-up visit methods and
frequencies for monitoring,
independent of treatment, including
remote monitoring or telehealth
strategies

settings

and telehealth)

Comparators | Confirmation of diagnosis by a Specific treatments compared with | Follow-up compared with differing
specialist (gold standard), such other treatments as described frequencies of follow-up or different
as a psychologist, psychiatrist or | above or to no treatment settings of follow-up for monitoring
other care provider using a well- strategies; no restrictions for long-
validated and reliable process of | Exclusion: Comparisons to other | term outcomes
confirming a clinical diagnosis of | patient groups rather than
ADHD treatments
Exclusion: Comparison to
diagnosis with a non-validated
instrument

Outcomes Diagnostic accuracy (e.g., Patient health outcomes, global Monitoring strategy success (e.g.,
sensitivity, specificity, accuracy, | clinical impression, social and feasibility, uptake), changes in
area under the curve, positive family functioning, functional treatment or dose, adverse effects
predictive value, negative impairment, executive functioning, | of treatment, changes in
predictive value, likelihood academic performance outcomes, | intermediate and final outcomes
ratios, false positives, false acceptability of treatment, adverse
negatives, false negatives, false | events of treatment, loss of
positives, misdiagnosis, stigma, | spontaneity, progress toward
and costs following diagnosis patient-identified goals, quality of
comparing those with and peer relationships, motor vehicle
without ADHD collisions or other accidents, risk-

taking behaviors and interactions
with the legal system

Timing o For assessment of diagnostic Any Any

accuracy: diagnostic follow-up
must be within 4 months of the
initial evaluation and must be
completed before treatment is
initiated

e For labeling: any time after the
ADHD diagnosis

Setting Primary or specialty care Any (including remote monitoring Any (including remote monitoring

and telehealth)
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PICOTSO KQ1 (Diagnosis) KQ2 (Treatments) KQ3 (Monitoring)
Element
Study ¢ RCTs ¢ RCTs ¢ RCTs
Design o For diagnostic accuracy, o Controlled clinical trials and ¢ No study size restriction
observational studies, are prospective and retrospective
eligible if they include patients observational studies with Exclusion: Editorials,
with diagnostic uncertainty and comparator for non-drug nonsystematic reviews, letters,
direct comparison of diagnosis treatments case series, case reports, pre-post
in primary care to diagnosis by studies. Systematic reviews were
a mental health specialist Exclusion: Editorials, not eligible for inclusion but will be
e Controlled clinical trials and nonsystematic reviews, letters, retained
prospective and retrospective case series, case reports, pre-post
observational studies with studies. Studies with fewer than
comparator for non-drug 100 participants had to report a
treatments power calculation to determine
that studies had sufficient power
Exclusion: Editorials, to detect effects. Systematic
nonsystematic reviews, letters, reviews are not eligible for
case series, case reports, pre- inclusion but will be retained
post studies. Systematic reviews
are not eligible for inclusion but
will be retained.
Other ¢ English-language publications |e English-language publications ¢ English-language publications
limiters e Published after 1980 o Published after 1980 « Monitoring strategies and long-
term effects have no publication
Exclusion: Non-English Exclusion: Non-English language | year restriction
language and abbreviated and abbreviated publications e Journal manuscripts and trial
publications (abstracts, letters) (abstracts, letters) record data with results
Exclusion: Non-English language
and abbreviated publications
(abstracts, letters)

Notes: ADHD = Attention deficit hyperactivity disorder, KQ = Key Question, PICOTSO = Population, Intervention,
Comparators, Timing, Outcomes, Setting, Other limiters, RCT = Randomized controlled trial

Compared to the prior 2018 report on ADHD, the eligibility criteria were simplified and now
includes all tests used to diagnose ADHD and all treatments for ADHD treatments. In addition,
randomized controlled trials (RCTs) are no longer limited by sample size given that RCTs allow
strong evidence statements; however, treatment studies with fewer than 100 participants had to
report a power calculation indicating sufficient power for at least one patient outcome to ensure
that the studies were designed to detect a difference between the intervention and comparison

group. Not all studies can be combined in meta-analyses to aggregate data, because the
intervention, comparator, and reported outcome combinations are often unique to the study;
hence we required individual studies to show sufficient power to detect effects. We specified that
intervention studies had to have a treatment duration of four weeks; we excluded experiments of
shorter duration (e.g., proof of concept studies) and focused on treatment for ADHD. Finally, no
comparator is needed anymore for monitoring studies, and these are not restricted by publication
date, given the small evidence base (the 2018 report found no relevant study).

Relevant systematic reviews and meta-analyses were retained as background or for
reference-mining but will not be included as evidence. Publications reporting on the same
participants were consolidated into one study record. Studies exclusively published in non-
English language publications remain excluded given the high volume of literature, the focus on
the review on populations in the U.S., the scope of the KQs, and the aim to support a U.S.
clinical practice guideline.

12
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2.3 Data Extraction

We abstracted detailed information regarding study characteristics, participants, methods,
and results. The review team created data abstraction forms for the KQs in DistillerSR, an online
program for systematic reviews. Forms included extensive guidance to support reviewers, both to
aid reproducibility and standardization of data collection. One literature reviewer abstracted the
data, and a second reviewer checked for accuracy and completeness. Further data checks were
conducted while synthesizing results across studies. Disagreements were resolved by consensus.

We designed the data abstraction forms to collect the data required to evaluate the study, as
well as demographic and other data needed for determining outcomes, informed by existing
research.’* We paid particular attention to describing the details of the treatment (e.g.,
pharmacotherapy dosing, methods of behavioral interventions), patient characteristics (e.g.,
ADHD presentation, co-occurring disorders, age), and study design (e.g., RCT versus
observational), which may influence the reported outcome results. In addition, we carefully
described comparators, as treatment standards may have changed during the period covered by
the review. In addition, data necessary for assessing quality and applicability as described in the
EPC Methods Guide were abstracted. Forms were pilot-tested with a sample of included articles
to ensure that all relevant data elements are captured and that ambiguity is avoided.

The abstracted information was used for analyses as well as to populate the evidence tables
in Appendix C showing characteristics for each included study. Final abstracted data will be
uploaded to SRDR per EPC requirements and will be publicly available.

2.4 Risk of Bias Assessment

The critical appraisal for individual studies applied criteria consistent with QUADAS-2 for
diagnostic studies and the RoB 2 guidance for common sources of bias in intervention studies
adapted for the eligible study designs.” !

QUADAS-2 evaluates four domains: patient selection, index test characteristics, reference
standard quality, as well as flow and timing:®!

e Patient selection: The domain patient selection addresses whether the selection of
patients could have introduced bias, taking into account whether the study enrolled a
consecutive or random sample, whether the data are not based on a retrospective case-
control design, and whether the study avoided inappropriate or problematic exclusions
from the patient pool.

e Index test: The index test domain evaluates whether the conduct or interpretation of the
test could have introduced bias, taking into account whether the results of the test were
interpreted without knowledge of the results of the reference standard and whether any
thresholds or cut-offs were pre-specified (e.g., instead of determined during the study to
maximize diagnostic performance).

e Reference standard: The domain reference standard evaluates whether the reference
standard, its conduct, or its interpretation may have introduced bias, taking into account
the quality of the reference standard in correctly classifying the condition and whether the
reference standard test results were interpreted without knowledge of the results of the
index test.

¢ Flow and timing: The last domain, flow and timing, evaluates whether the conduct of the
study may have introduced bias. The assessment takes into account whether the interval
between the test and the reference standard was appropriate, whether all patients received
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the reference standard and whether they received the same reference standard, and
whether all patients were included in the analysis. For each domain, we assessed the
potential risk of bias in the study in order to identify high risk of bias and low risk of bias
studies. We evaluated for each study and appraisal domain whether there are concerns
regarding the applicability of the study results to the review question (Appendix D). This
encompassed whether the patients included in the studies match the review question;
whether the test, its conduct, or interpretation differ from the review question; or whether
the target condition as defined by the reference standard fully matches the review
question.

For treatment and monitoring studies, we assessed the six domains selection, detection,
performance, attrition, reporting, and study-specific sources of bias:

e Selection bias: For selection bias, we assessed the randomization sequence and
allocation concealment in RCTs as well as baseline differences and potential confounders
in all studies.

e Performance bias: Performance bias evaluated whether patient- or caregiver knowledge
of the intervention allocation or circumstances such as the trial context may have affected
the outcome, and whether any deviations from intended interventions were balanced
between groups.

e Attrition bias: Attrition bias considered the number of dropouts, any imbalances across
study arms, and whether missing values may have affected the reported outcomes.

e Detection bias: Detection bias assessed whether outcome assessors were aware of the
intervention allocation, whether this knowledge could have influenced the outcome
measurement, and whether the outcome ascertainment could differ between arms.

e Reporting bias: Reporting bias assessment includes an evaluation of whether a pre-
specified analysis plan exists (e.g., a published protocol), whether the numerical results
likely have been selected on the basis of the results, and whether key outcomes were not
reported (e.g., an obvious effectiveness indicator is missing) or inadequately reported
(e.g., anecdotal adverse event reporting).

e Study-specific sources of bias: In addition to the types of bias listed above, we assessed
other potential sources of bias such as inadequate reporting of intervention details.

Each study was initially appraised by the data abstractor for the study. In a second step, we
reviewed risk of bias results across studies to ensure consistency of ratings. Risk of bias results
informed the study limitation assessment in the quality of evidence assessment across studies.
Appendix D has the critical appraisal and applicability tables.

2.5 Data Synthesis and Analysis

We summarized key features of the included studies, including study design; participant
characteristics; diagnostic, treatment, and monitoring strategies; and frequent outcomes in a
narrative overview. We answered each KQ with the available evidence using quantitative
syntheses across studies where possible to increase statistical power, to increase precision, and to
objectively summarize results across all available evidence. We ordered our findings by
diagnostic, treatment, and monitoring strategy, i.e., the KQs.

We broadly characterized tests (KQ1), interventions (KQ2), and monitoring strategies
(KQ3). For diagnostic studies, we reported the range of reported diagnostic performance. For
KQ2, we differentiated effectiveness and comparative effectiveness results (i.e., comparing to a
passive comparison in the form of a control group, or an active comparator in the form of an
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alternative intervention). We documented results by the pre-specified key outcomes. We
consistently abstracted the longest follow up for each study. We converted reported standard
errors and confidence intervals to standard deviations to compute effect sizes. We reversed
originally reported outcomes where necessary to facilitate comparisons across studies.

For statistical pooling, we used random-effects models corrected for small numbers of
studies where necessary to synthesize the available evidence quantitatively.”> We computed
standardized mean differences (SMD) for continuous outcomes and relative risks (RR) for
categorical outcomes to document results across studies. We present summary estimates and 95
percent confidence intervals for all summary estimates. Where more than one study could be
combined in an analysis, we showed the results in a forest plot. The forest plots document the
results for each study reporting on the outcomes, including the size of the effect, the direction of
effects, the confidence interval surrounding the point estimate, the proximity to the point of no
effect (RR =1, SMD = 0), and the results in relation to other studies. Forest plots visually
document the consistency of effects across studies, and they can show outliers clearly.

We determined whether the pooled effect was statistically significantly different from the
comparison group and documented the identified systematic effects. We also documented results
that were not statistically significant; in these cases, we stated that we did not detect a systematic
effect — while we cannot rule out that the intervention may work for some children, across
participants and studies the effect was indistinguishable from chance. For all interventions and
outcomes that reported a continuous and a categorical effect estimate, we reviewed both
estimates for each key outcome.

We assessed heterogeneity using graphical displays and the I-squared statistics. The statistic
ranges from zero to 100 percent and we noted in particular results where heterogeneity exceeded
70 percent. We anticipated that intervention effects may be heterogeneous across studies. We
explored potential sources of heterogeneity, while recognizing that the ability of statistical
methods to detect individual sources of heterogeneity may be limited in the presence of multiple
sources of heterogeneity.”> We hypothesized that the methodological rigor of individual studies
and patients’ underlying clinical presentations are potentially associated with the intervention
effects. We performed meta-regression analyses to examine these hypotheses and reported
sensitivity analyses where necessary. We assessed the potential for publication bias for all key
outcomes using the Begg and the Egger test.”* ®> The trim and fill method provides alternative
estimates where evidence of publication bias was detected.”®

Pre-defined subgroups for KQ1 included children younger than seven years of age and
children and adolescents, seven through 17. We assessed whether diagnostic performance is
associated with the age of participants using reported sensitivity and specificity estimates in a
regression analysis across studies. In addition, we assessed the effect of treatment and diagnosis
in participants with concomitant morbidities; the racial and ethnic composition of study samples;
and the potential effect of the diagnostic, treatment, and monitoring setting in meta-regressions
across studies and KQs. We differentiated primary care, specialty care, school settings, and other
settings (e.g., participants were part of a larger research study), mixed settings (e.g., participant
recruiting through primary care and schools), and not reported.

For KQ3, we documented outcomes as reported by the original authors.

2.5.1 Applicability Assessment

Applicability was assessed in accordance with the AHRQ Methods Guide. Factors that may
affect applicability, which we have identified a priori, include patient, intervention, comparisons,
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outcomes, and settings. For each study, we assessed the population included in the study to
identify those with narrow eligibility criteria, that excluded participants with comorbidities, that
had more complex participants than typically seen in the community, and those that had run-in
periods where adherence was tested and participants were excluded for non-adherence.
Regarding interventions, we assessed whether studies described tests or treatments not used as
recommended or commonly used in practice, dosing of medications not reflective of current
practice, the presence of co-interventions that were likely to modify the effectiveness, and the
presence of highly trained tester or treatment team. Regarding the comparisons, we assessed
whether diagnostic studies used tools differently than recommended, treatment studies that used
inadequate intervention or substandard care as comparators, and those where the comparator was
unclear. Regarding outcomes, we assessed whether studies used outcome assessors that were not
qualified for the assessment, surrogate or composite outcomes with limited applicability, and
follow-ups too short for effects to manifest. Regarding the setting, we assessed whether studies
were conducted in a setting which has a level of care that is different from that in the community.
Literature reviewers could also flag additional applicability concerns.

We used this information to assess the situations in which the evidence is most relevant and
to evaluate applicability to real-world clinical practice in typical U.S. settings, summarizing
applicability assessments qualitatively. The information is reflected in the discussion of the
review findings.

2.6 Grading the Body of Evidence

The strength of evidence assessment documents uncertainty, outlines the reasons for
insufficient evidence where appropriate, and communicates our confidence in the findings.

The strength of evidence for each body of evidence (based on the KQ, diagnostic and
treatment approach, comparator, and outcome) was initially assessed by one researcher with
experience in determining strength of evidence for each primary clinical outcome by following
the principles for adapting GRADE (Grading of Recommendations Assessment, Development
and Evaluation), outlined in the AHRQ Methods Guide.®’” The initial assessment was then
discussed in the team.

2.6.1 Key Outcomes

We prioritized outcomes with the help of the Technical Expert Panel in combination with
team expertise. The panelists reviewed a large number of possible outcomes. We considered
outcomes most clinically relevant and important to patients and clinicians to guide clinical
practice. The following outcomes were selected for the strength of evidence assessment:

e Key Question 1:

Sensitivity
Specificity
Costs
Rater agreement
Internal consistency
Test-retest reliability
Misdiagnosis impact
e Key Question 2:

o Behavior changes

O O O O O O O
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Broadband scale scores
Standardized symptom scores
Functional impairment
Acceptability of treatment
Academic rating scale scores
Appetite changes and growth suppression
Number of participants with adverse events
e Key Question 3:
Functional impairment
Broadband scale scores
Standardized symptom scores
Progress toward patient-identified goals
Acceptability of treatment
Academic rating scale scores
Any long-term effects
Growth suppression
o Quality of peer relationships

For diagnostic studies in KQ1, we abstracted the number of true positive and true negatives
in order to compute diagnostic performance measures, but we also abstracted all values as
reported by the authors. We added information on the specific cut-off and model used to achieve
the diagnostic performance where reported. The impact of misdiagnosis included the risk of
missed conditions that can appear as ADHD as well as being incorrectly labeled as having or not
having ADHD.

For treatment studies in KQ2, we abstracted numerical values for all key outcomes to
facilitate meta-analysis. We also abstracted a brief narrative for the evidence table for each
outcome focusing on the comparison to a control or a comparator group (rather than pre-post
data). In addition, we summarized study-specific health outcomes and reported adverse events to
complete the evidence table for all included studies. For the behavior change domain, we
abstracted individual behaviors such as aggression or conduct problems, either from direct
observations or behavior ratings, where studies reported these in addition to global impression or
symptom scales. We used global psychological, mental health, and child development
assessments, such as the CGI (Clinical Global Impression)’® and total scores of the Conners
rating scales, that go beyond assessing individual ADHD symptoms as broadband scale scores.
For standardized symptom scores, we included summary measures for ADHD symptoms, such
as ADHD-RS-IV (ADHD Rating Scale Version IV),”% 1% or, when unavailable, subclasses of
individual symptoms for ADHD, such as inattention. For functional impairment, we abstracted
functional measures such as the Weiss Functional Impairment Rating Scale.'®! 12 For
acceptability of treatment we abstracted child, parent, or teacher satisfaction with intervention,
depending on what was reported. We abstracted academic rating scale scores where reported, in
the absence of these, we used broad academic performance measures such as GPA (grade point
average). Other, narrower performance measures, such as specific cognitive skills, were
summarized in the free text field in the evidence table. For appetite changes and growth
suppression, we abstracted indicators such as decreased appetite or growth during the study
period. The number of participants with adverse events was restricted to documenting the total
number of patients reporting at least one adverse event in each study arm. Other adverse event

O O O O O O O

O O O O O O O O
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measures (such as the total number of adverse events or the number of serious adverse events)
were summarized in the free adverse event text field in the evidence table.

For monitoring studies eligible for KQ 3, we abstracted all information provided by the
authors on the suitability of the applied monitoring strategy in addition to all pre-specified
outcomes.

The synthesis documented the presence and the absence of evidence for the key outcomes for
all included diagnostic tests, treatment interventions, and monitoring strategies in the respective
sections.

2.6.2 Strength of Evidence Assessments

In determining the quality of the body of evidence, the following domains were evaluated:

e Study limitations: The extent to which studies reporting on a particular outcome are
likely to be protected from bias. The aggregate risk of bias across individual studies
reporting an outcome is considered; graded as low, medium, or high level of study
limitations.

¢ Inconsistency: The extent to which studies report the same direction and/or magnitude of
effect or show statistical heterogeneity for a particular outcome; graded as consistent,
inconsistent, or unknown (in the case of a single study or the absence of studies).

e Indirectness: Describes whether the intervention (test, treatment, or strategy) and the
comparator were directly compared (i.e., in head-to-head trials) or indirectly (e.g.,
through meta-regressions across studies). In addition, indirectness can reflect whether the
outcome is directly or indirectly related to health outcomes of interest. The domain is
graded as direct or indirect.

e Imprecision: Describes the level of certainty of the estimate of effect for a particular
outcome, where a precise estimate is one that allows a clinically useful conclusion. When
quantitative synthesis is not possible, sample size and assessment of variance within
individual studies are considered. Graded as precise or imprecise.

e Reporting bias: Occurs when publication or reporting of findings is based on their
direction or magnitude of effect. Publication bias, selective outcome reporting, and
selective analysis reporting are types of reporting bias. Reporting bias is difficult to
assess as systematic identification of unpublished evidence is challenging. When
possible, we reviewed Begg and Egger test results and used trim and fill methods to
assess the robustness of effect estimates.

Bodies of evidence consisting of RCTs were initially considered as high strength, while
bodies of comparative observational studies began as low-strength evidence. The strength of the
evidence could be downgraded based on the domains described above. There are also situations
where evidence may be upgraded (e.g., large magnitude of effect, presence of dose-response
relationship, or plausible unmeasured confounders could potentially increase the magnitude of
effect) as described in the AHRQ Methods guides.”” A final strength of evidence grade for each
evidence statement was assigned by evaluating and weighing the combined results of the above
domains. We differentiated an overall grade of high, moderate, low, or insufficient according to a
four-level scale outlined in Table 2.
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Table 2. Definitions of the grades of overall strength of evidence!*

Grade

Definition

High

We are very confident that the estimate of effect lies close to the true effect for this outcome. The
body of evidence has few or no deficiencies. We believe that the findings are stable (i.e., another
study would not change the conclusions).

Moderate

We are moderately confident that the estimate of effect lies close to the true effect for this outcome.
The body of evidence has some deficiencies. We believe that the findings are likely to be stable, but
some doubt remains.

Low

We have limited confidence that the estimate of effect lies close to the true effect for this outcome.
The body of evidence has major or numerous deficiencies (or both). We believe that additional
evidence is needed before concluding either that the findings are stable or that the estimate of
effect is close to the true effect.

Insufficient

We have no evidence, we are unable to estimate an effect, or we have no confidence in the
estimate of effect for this outcome. No evidence is available, or the body of evidence has
unacceptable deficiencies, precluding reaching a conclusion.

Summary tables include reasons for downgrading or upgrading the strength of evidence.

2.7 Peer Review and Public Commentary

The report was updated after having undergone peer review and was posted for public
commentary. The report was posted for public comment for 45 days. The disposition of
comments document will be posted about three months after the final report is posted.
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3. Results: Description of Included Evidence

Below we provide the report results, including the Key Points for each Key Question (KQ),
and describe the included evidence, as well as the data synthesis and a summary of the strength
of evidence. Details on results of literature searches, included studies, and the strength of
evidence can be found in Appendixes A, C. D, and E. The list of excluded studies can be found

in Appendix B.
The searches Identified 23,1

39 citations. Of these, we obtained 7,534 as full text. The flow

diagram (Figure 2) describes the study flow through the literature review.

Figure 2. Flow diagram

Citations identified through Additional citations identified
database searching through other sources
n=21,791 n=1,348
l l Excluded citations
(not comparative study, not
Citations screened »| systematic review, or not on topic)
n=23,139 n=15,605
v
Full-text publications
assessed for eligibility »| Full-text publications excluded, with reasons
n=7,534 n=>5,820
Exclude-Population: n = 1,055
Exclude-Intervention: n =2,459
Exclude-Comparator: n = 183
Background < Exclude-Outcome: n = 470
n=617 Exclude-Timing: n = 155

Exclude-Setting: n = 1
Exclude-Study Design: n =671
Exclude-Power: n = 548
Exclude-Language: n =142
Exclude-Duplicate: n = 136

A

n =550 studies reported in 1,097 publications

Included studies abstracted

KQI: 231
KQ2: 312
KQ3: 10

Notes: KQ = Key Question
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In total, 550 studies reported in 1,097 publications met the eligibility criteria. % 212427, 28, 36, 104-
1194 This included 231 studies addressing KQ1, 312 studies addressing KQ2, and 10 studies
addressing KQ3 (three studies contributed to more than one review question). Appendix E
includes a list of included studies. Throughout the report, included studies are listed by the study
ID which is composed of the first author’s last name of a key publication reporting on the study
and the publication year of the key publication. The evidence table in the appendix shows the
study ID and cites the main publication selected for the study and all multiple publications
providing additional input on the study.

The flow diagram summarizes the main reason for exclusion from the review. In addition, it
shows that we retained a large number of papers as background. The list of excluded studies and
background studies is listed in Appendix B. In most cases, these were existing systematic
reviews addressing an individual aspect of attention deficit hyperactivity disorder (ADHD)
research that were then reference-mined to ensure that all eligible studies had been included in
the report.

Studies included different age ranges. Figure 3 plots the mean age for each study.

Figure 3. Mean age across studies
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The median minimum age in included studies was 6 years old.
The number of included girls was low. Figure 4 plots the proportion of female participants
across the research studies.
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Figure 4. Proportion of female participants across studies
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The median number of girls included in the studies was 25 percent.

The following subchapters address each Key Question: Chapter 4 presents the results on

diagnosing ADHD, Chapter 5 presents the results on treating ADHD, and Chapter 6 presents the
results of approaches to monitoring ADHD.
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4. Results: Diagnosis of ADHD

The Key Question (KQ) is divided into four subquestions:

e KQ1a. What is the comparative diagnostic accuracy of approaches that can
be used in the primary care practice setting or by specialists to diagnose
attention deficit hyperactivity disorder (ADHD) among individuals younger
than 7 years of age?

o KQ1b. What is the comparative diagnostic accuracy of electroencephalogram
(EEG), imaging, or approaches assessing executive function that can be used
in the primary care practice setting or by specialists to diagnose ADHD
among individuals aged 7 through 177

e KQ1c. For both populations, how does the comparative diagnostic accuracy
of these approaches vary by clinical setting, including primary care or
specialty clinic, or patient subgroup, including, age, sex, or other risk factors
associated with ADHD?

e KQ1d. What are the adverse effects associated with being labeled correctly or
incorrectly as having ADHD?

The gold standard or reference standard against which diagnostic tools were compared was
diagnosis by a mental health specialist, such as a psychologist, psychiatrist or other care
provider. In many cases, clinicians used published scales or semi-structured diagnostic
interviews to ensure a well-validated and reliable process of confirming the diagnosis of ADHD
according to the Diagnostic and Statistical Manual of Mental Disorders (DSM), as outlined in
more detail in the evidence table. Many identified studies included a broader age range rather
than differentiating clearly between younger (KQ1a) or older (KQ1b) than seven years of age.
Hence, we added a section describing the results for parental ratings, teacher ratings, clinician
tools, and biomarkers before addressing the Key Questions. The section summarizes results by
test and most studies evaluated a combined sample of children and adolescents. The KQla
section describes all diagnostic approaches for children younger than seven years of age
regardless of the applied test. The KQ1b section describes EEG, imaging, and executive function
tests for children seven and up.

4.1 KQ1, ADHD Diagnosis Key Points

Key points pertaining to the diagnosis of ADHD are as follows.

e Multiple approaches showed promising diagnostic performance (e.g., using parental rating
scales), but estimates of performance varied considerably across studies, and the strength of
evidence (SoE) was generally low.

e Diagnostic test performance likely depends on whether youth with ADHD are being
differentiated from typically developing children or from clinically referred children who had
some kind of mental health or behavioral issue.

e Rating scales for parent, teacher, or self-assessment as a diagnostic tool for ADHD have high
internal consistency but poor to moderate reliability between raters, indicating that obtaining
ratings from multiple informants (the youth, both parents, and teachers) may be valuable to
inform clinical judgement.

e Studies evaluating neuropsychological tests of executive functioning (e.g., Continuous
Performance Test) used study-specific combinations of individual cognitive measures,
making it difficult to compare performance across studies.
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Diagnostic performance of biomarkers, EEG, and magnetic resonance imaging (MRI)
scans show great variability across studies and their ability to aid clinical diagnosis for
ADHD remains unclear. Studies have rarely assessed test-retest reliability, no findings
have been replicated prospectively using the same measure in independent samples, and
real-world effectiveness studies of diagnostic performance have not been conducted.
e Very few studies have assessed performance of diagnostic tools for ADHD in children under
the age of 7 years and more research is needed.
e The identified diagnostic studies did not assess the adverse effects of being labeled correctly
or incorrectly as having a diagnosis of ADHD.

4.2 KQ1, ADHD Diagnosis Summary of Findings

We identified 231 studies addressing the performance of tests aiming to diagnose ADHD.'®
21,24,27,28, 111, 112, 115, 117, 119-121, 124, 134, 135, 140-143, 152, 153, 157, 159, 162, 167-170, 172,177, 179, 181-192, 197, 198, 210,

211,213, 214, 218, 223, 230, 231, 233, 234, 237, 241, 242, 244-246, 251, 253, 260, 263, 267, 276, 277, 282-285, 287, 293, 297-301, 303, 307
309,311, 312, 314-316, 319, 322, 323, 327, 331, 336, 338-340, 342, 344, 346, 347, 351, 352, 355, 356, 359, 362, 365, 366, 369, 370, 379, 382
385, 388-391, 393-395, 397, 400-405, 407, 408, 412, 413, 415-417, 420-424, 427, 429, 434, 436-438, 445-450, 462-465, 467-470, 473, 475, 477,
479, 482, 486, 487, 491, 493-496, 498-502, 506, 514-516, 518, 519, 524, 527, 528, 536, 537, 541-543, 546-549, 553, 558, 559, 563, 564, 566,
570, 571, 576, 580-584, 587, 591, 592, 599, 600, 603, 605, 607, 614, 615, 625, 627, 630-633, 635, 638, 639, 641, 642, 644, 647 The

methodological rigor and the reporting varied substantially in the identified studies. The potential
for risk of bias in the studies is documented in Figure 5. The critical appraisal for the individual
studies is in Appendix D.

Figure 5. Risk of bias in Key Question 1 ADHD diagnostic studies

Patient selection

Index test

Reference standard

Flow and timing

11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 201 211

Number of studies
% Low risk Moderate, Neutral, or Unclear Risk = High risk
Notes: ADHD = attention deficit hyperactivity disorder

Selection bias was likely present in two thirds of studies. Often samples were restricted and
did not necessarily represent the full range of children with ADHD. For example, studies
explicitly reported using a convenience sampling strategy. Index test issues were present in ten
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percent of studies. Although the review was restricted to studies reporting a clinical diagnosis of
ADHD for participants, reference standard issues were also present in a small number of studies,
in particular due to lack of details on procedures and/or diagnosticians.!'!! 142 233, 342, 405, 412, 450, 516,
533,642 Flow and timing was rated as high risk of bias in several studies.!!!- 121 143, 162, 172, 312, 319, 351,
379501 Typically this was due to an unclear participant flow (e.g., it was unclear whether the
diagnosis was known before the results of the index test was known).

We also assessed possible applicability issues that could influence the generalizability of the
reported data. Figure 6 shows the summary of rated applicability. The applicability for the
individual studies is in Appendix D.

Figure 6. Key Question 1 applicability rating
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Number of studies

& More complex patients than typical of the community = Level of care different from that in the community Unclear IIIN/A

Notes: N/A = Not applicable

In several studies, samples were employed that do not represent the general population of
children with ADHD, usually because children with co-morbidities were excluded. In addition,
several papers took place in specialty care settings with diagnostic and treatment options that go
beyond the standard course of action for children with ADHD.

4.3 Summary ADHD Diagnosis by Tests for All Age Groups

We broadly differentiated between parental ratings, teacher ratings, tools for clinicians, teen
self-reports, neuropsychological tests, imaging, EEG, biomarker, activity markers, and other
(e.g., electrocardiogram [EKG] indicators). Studies evaluated a large number of different tools
within the broader categories. In addition, where studies used the same diagnostic tool (e.g., a
rating scale), authors used different components of the tool (e.g., specific subscales) or combined
components in a variety of ways (e.g., different neuropsychological parameter). We identified 68

studies that used machine learning algorithms to determine the best diagnostic approach.?® 115 120
121, 143, 152, 157, 172, 179, 181, 182, 185-188, 191, 211, 214, 223, 233, 234, 245, 253, 282, 283, 299, 303, 322, 323, 340, 355, 356, 369, 370,
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388, 394, 400, 402, 403, 407, 408, 412, 420, 429, 434, 438, 449, 450, 467, 468, 473, 494, 495, 518, 541, 543, 571, 581, 582, 591, 592, 599, 603,

630-633. 641 Styidies were published since 2012 and came from 21 different countries, but
primarily the United States®: 152223, 233, 234, 262,209, 323,400,403, 412, 467, 495. S18. 1138 g | Chying, 185 187, 185,

191, 394, 407, 408, 571, 581, 630, 632, 641 A third of identified studies used EEG markers as the data
source! 15 120, 143, 157, 172, 179, 187, 188, 322, 340, 370, 394, 412, 438, 449, 468, 473,494, 592, 883 (14 0 b o thind of the
studies using MR]!?! 282,495, 518, 571, 381, 630, 633, 1188 The remaining studies used neuropsychological
test components, rating scale scores, activity estimates, or other sources. Some studies were able
to achieve 100 percent sensitivity with the help of machine learning (corresponding specificity
100%)'** 152 Other studies maximized specificity, and some achieved 100 percent specificity in
machine learning supported diagnostic models (corresponding sensitivities 100, 97, 75, 98, and
100% respectively).!?!: 143 152.370.450 A crogs machine-learning supported studies, accuracy ranged
from 61 percent?®? to 100 percent.!43: 152468

Given that most studies included younger (typically 5- and 6-year-olds) and older children,
the following section describes diagnostic tools relevant to all age groups. Some studies
evaluated more than one test (e.g., a parental rating and a teacher rating).

4.3.1 Parental Ratings
We identified 59 studies using Parental ratings to diagnose ADHD,!8: 117 134, 168, 169, 190, 218, 223,
230,233,234, 241, 242, 244, 251, 263, 285, 287, 297, 300, 301, 311, 314, 331, 336, 339, 342, 344, 359, 362, 390, 391, 423, 424, 427, 447, 448,

463, 464, 482, 487, 491, 498, 502, 514-516, 519, 527, 528, 547, 553, 558, 559, 584, 587, 605, 638, 642 The earliest StU.dy meeting

inclusion criteria was published in 1985.5!* Evaluations of parental rating tools came from five

different English-language speaking countries, but most studies were from the United States.!3*
169, 190, 230, 233, 234, 241, 242, 244, 251,263, 285, 297, 299, 311, 331, 336, 339, 342, 344, 359, 390, 391, 423, 424, 427, 448, 463, 464, 482,

487,491, 498, 502, 514-516, 519, 527, 528, 547, 553, 558, 559, 584, 605, 638, 642The populations studied were

predominately males and included participants ranged between the ages of two and 18. Four
studies exclusively included children younger than seven years old.*3!316:51%: 559 For studies that
distinguished between ADHD presentations, most of the participants were diagnosed with the
combined or inattentive presentations. In one study focusing on preschool age children who
presented with disruptive behavior disorders, 57 percent of participants were diagnosed with the
hyperactive/impulsive presentation.>*! While ADHD participants with co-occurring disorders
were not excluded from most studies, only a few purposely included children with specific co-
occurring disorders such as disruptive behavior disorders**! or autism.?** 47 However, about half
of identified studies came from clinical samples, rather than general neurotypically developing
children— i.e., they identified children undergoing a diagnostic workup for a potential diagnosis
of ADHD, conduct disorders, autism, or depression.

In half of the identified studies, White participants made up more than 70 percent of the
sample. One study evaluated diagnostic accuracy a sample in which over 50 percent of
participants were Black/African American,**> 3% and one study was identified in which 85
percent of participants were Hispanic or Latino.”>* Studies reported predominantly on the
estimated sensitivity and specificity. Some studies also reported on the area under the curve
(AUC) as a summary test performance, but other key outcomes were less frequent. Figure 7 plots
the sensitivity and specificity for the parental rating scale evaluated in the study.
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Figure 7. Sensitivity and specificity of parental rating scales
Parent Rating Scale
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Notes: Evaluated tools: ADHD-RS-IV, ADHD-SC4-P, ADHD-SRS-H, ADHD-SRS-Im, ARS, BASC-2-EF, BASC-3, BASC-
PRS, BRIEF, BRIEF2, BRIEF-P+BRIEF-T+DKEFS, CBCL, CBCL-A, CBCL-AD/H, CBCL-Ag, CBCL-SP, Conner’', Conners-
3-P(S)+CBCL, CPRS, CPRS-HI, CPRS-R, CPRS-R(S), DBC-HI, DBD, DSMD, MPS, Parental-concern, PRASIS-I-16,
PRASIS-I-19, PRASIS-I-30, PSC, PSC-17, PSC-AS, RCI-4, SNAP-IV, SWAN, SWAN-H/I, VADPRS. More information can be
found in Appendix C, Table C.1.

The studies reporting sensitivity and specificity (the measures are not independent from each
other, and high sensitivity can come at a cost of low specificity and vice versa) show the wide
variation in diagnostic accuracy estimates. The figure also shows that studies evaluated a large
range of different parental rating scales, with few studies reporting on the same tool.

The most frequently evaluated diagnostic tool was the CBCL (Child Behavior Checklist),
either alone or in combination with other scales, using different cutoffs, and evaluating different
subscales (the attention deficit/hyperactivity problems subscale most frequently). Reported
sensitivity for the CBCL ranged from 71 percent in a study differentiating ADHD and
oppositional defiance disorder®*! to 84 percent in two studies, one using an outpatient pediatric
medical clinic, the other one a sample of children with traumatic brain injury.'*® %% Reported
specificity for this parental scale ranged from 33 percent®®’ to 93 percent'*° in the pediatric
medical clinic sample. The reported AUC ranged from 0.55°* to 0.93'°° with three independent
studies reporting estimates of 0.83 or 0.84 for this diagnostic measure for the CBCL.?>!-331. 498
The evidence table in the appendix shows the results for all diagnostic and psychometric
outcomes of interest for all identified studies.

Table 3 shows the findings for the outcomes of interest together with the number of studies
and study identifiers for parental rating scales. For the main results, we report findings from
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4. Results: Diagnosis of ADHD

population samples that differentiated ADHD from neurotypical developing children separately

from results obtained in clinical samples, given that the study population was identified as one of
the sources of heterogeneity in reported results as documented in KQ1c. Results are shown
across studies and tools for the main analyses. Where at least two different author groups

reported on the same rating scale, we provide results for a specific scale.

Table 3. KQ1 summary of findings and strength of evidence for parental ratings

KQ1 Outcome Number of Findings Reasons for SoE
Diagnostic Studies and Downgrading
Test IDs
KQ1 Sensitivity 36 studies!® 134 | Sensitivity ranged from 61% for a Maternal S, | Low
Parental 168,190,218,223,230, | Perinatal Scale (corresponding specificity
Ratings 242,244,251, 285.287. | 73%)%27 to 94% for the BASC-3
301,314,331,336,339, | (corresponding specificity 51%)
359,390,424, 427,448, | differentiating ADHD and neurotypical
482, 487,502, 514, 515, development
328,547,553, 558,559, | Sensitivity showed more variation and
584, 387, 605, 642 ranged from 38% using the BRIEF
(corresponding specificity 96%)33° to 100%
using the CPRS-R or the SNAP-IV
(corresponding specificities 92% and 4%)28":
314 differentiating ADHD in clinical samples
KQ1 CBCL Sensitivity 7 studies'** 2% | Sensitivity ranged from 71% (corresponding | S Moderate
251,331,336, 587,605 | gpecificity 91%)3%! to 84% (corresponding for
specificity 93 and 84 )90, 605 moderate
sensitivity
KQ1 DSMD Sensitivity 2 studies?** 347 | Sensitivity ranged from 63% (corresponding | S, | Low
specificity 70%)%*7 to 77% (corresponding
specificity 78%)%*
KQ1 SNAP- Sensitivity 2 studies*®? Sensitivity ranged from 55% (corresponding | S, | Low
v 314 specificity )®*” to 100% (corresponding
specificity 4)3'4
KQ1 SWAN Sensitivity 2 studies'%%22> | Sensitivity ranged from 67% (corresponding | S, | Low
specificity 84%)?% to 82% (corresponding
specificity 81%)168
KQ1 Specificity 36 studies!® 3% | Specificity ranged from 37% using the S, | Low
Parental 168,190, 218,223,230, | BASC-PRS (corresponding sensitivity
Ratings 242,244,251,285.287. | 889%)2%0 to 100% using the Conners Parent
301,314, 331,336,339, | Rating Scale Hyperactivity Index
359,390,424, 427,448, | (corresponding sensitivity 79%)51°
482,487, 502,514,515, | differentiating ADHD and neurotypical
528, 547, 553, 558, 559, development
384, 387, 605, 642 Specificity ranged from 4% using the SNAP-
IV (corresponding sensitivity 100%)3'* to
96% (corresponding sensitivity 38%)3%°
differentiating ADHD in clinical samples
KQ1 CBCL Specificity 6 studies'™* 23! | Specificity ranged from 33% (corresponding | S, | Low
331, 336, 587, 605 sensitivity 77%)%%” to 93% (corresponding
sensitivity 84)'%°
KQ1 DSMD Specificity 2 studies?** 347 | Specificity ranged from 70% (corresponding | S, | Low
sensitivity 63%)%*7 to 88% (corresponding
sensitivity 69%) in a second sample®4’
KQ1 SNAP- Specificity 2 studies®'4 42 | Specificity ranged from 4% (corresponding S, | Low
v sensitivity 100%)7? to 66% (corresponding
sensitivity 55%)*%?
KQ1 SWAN Specificity 2 studies'®® 22> | Specificity ranged from 74% (corresponding | S, | Low
sensitivity 77%)??% to 84% (corresponding
sensitivity 69%) in a second sample??3
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4. Results: Diagnosis of ADHD

KQ1
Diagnostic
Test

Outcome

Number of
Studies and
IDs

Findings

Reasons for
Downgrading

SoE

KQ1
Parental
Ratings

Accuracy

11 studies!s: 1%

223,251,331, 339,427,
487, 547, 587, 605

Accuracy was 67% using the Maternal
Perinatal Scale*? differentiating ADHD and
neurotypical development

Accuracy ranged from 59% using the CBCL
to 95% using the BRIEF 8 differentiating
ADHD in clinical samples

S, |

Low

KQ1 CBCL

Accuracy

3 studies?!. 331
605

Accuracy ranged from 80%33' to 84%°05

Moderate
for good
accuracy

KQ1
Parental
Ratings

AUC

23 studies!¢®
190, 218, 230, 233, 234,

241,251, 263, 285, 287,
297, 301, 311, 331, 339,
342, 344, 359, 464, 498,
502, 553

AUC ranged from 0.73 using the PSC-AS5%3
to 0.95 for a combination of BRIEF 2 and
Conners 3¢ differentiating ADHD and
neurotypical development

AUC ranged from 0.55 using the CBC
attention deficit / hyperactivity problem
scale®* to 0.97 using the SRS?34
differentiating ADHD in clinical samples

Low

KQ1 CBCL

AUC

6 studies!®%- 241,
251, 331, 344, 498

The reported AUC ranged from 0.55%* to
0.93"°%° with three independent studies
reporting estimates of 0.84 or 0.83251, 331,498

Moderate
for
acceptable
AUC

KQ1
Parental
Ratings

Rater
agreement

2 studies?!8 423

ICC 0.51 for inattention, 0.56 for
hyperactivity, and 0.58 for impulsivity
between mother and father subscale ratings
on the DSM-ADHD-Symptom Rating
Scale*?? in a sample of children with ADHD
ICC between parent and teacher total
scores using CPRS-R and CTRS-R was
0.19218

Low

KQ1
Parental
Ratings

Internal
consistency

10 studies'®®
218, 287, 339, 342, 359,

423, 424,447,516

Across children with ADHD, autism, and
neurotypically developing Cronbach’s alpha
SCQ 0.93%7

In neurotypical samples:

Cronbach’s alpha SWAN 0.9568;
Cronbach’s alpha BASC-2 Executive
Function Screener parent rating global sum
score 0.913%9;

Cronbach’s alpha DBDRS Inattention 0.94,
hyperactivity / impulsivity 0.915%7

In clinical samples:

Cronbach’s alpha BRIEF2 global executive
composite summary score 0.973%;
Cronbach’s alpha CBCL Attention Problems
0.76%%2 and CPRS-R 0.842'8,

Cronbach’s alpha DBC-HI 0.93287;
Cronbach'’s alpha DIPA 0.92516

Cronbach’s alpha DSM-ADHD-Symptom
Rating Scale total 0.90 for mother’s rating,
0.91 for father’s rating*?3;

Cronbach’s alpha PSC attention subscale
0.904*

Low

KQ1
Parental
Ratings

Test-retest
reliability

2 studies!3+ 391

Test-retest correlations in a high-risk sample
were .91 for inattention, .92 for
hyperactive/impulsive, .95 for
conduct/oppositional, .87 for
anxiety/depression, .82 for performance
subscales'3

S,C

Low
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4. Results: Diagnosis of ADHD

KQ1 Outcome Number of Findings Reasons for SoE
Diagnostic Studies and Downgrading
Test IDs

CHAOS test-retest reliability ranged from
0.74 to 0.87%°" over four subscales in a
clinical sample

KQ1 Misdiagnosi | O studies No data Cc Insufficient
Parental s impact

Ratings

KQ1 Costs 0 studies No data C Insufficient
Parental

Ratings

Notes: ADHD = attention deficit hyperactivity disorder, AUC = area under the curve, BASC = Behavior Assessment System for
Children, BRIEF2 = Behavior Rating Inventory of Executive Function, Second Edition, C = inconsistency, CBCL = Child
Behavior Checklist, CPRS-R = Revised Conners Parent Rating Scale, CHAOS = Conduct-Hyperactive-Attention Problem-
Oppositional Symptom scale, DBC-HI = Developmental Behaviour Checklist Hyperactivity Index, DBDRS = Parent Disruptive
Behavior Disorder Ratings Scale, DIPA-L = diagnostic infant and preschool assessment, I = imprecision, KQ = Key Question,
PSC = Pediatric Symptom Checklist, S = study limitation, SCQ = Social Communication Questionnaire, SoE strength of
evidence, SRS = Social Responsiveness Scale, SWAN = Strengths and Weaknesses of ADHD Symptoms and Normal Behavior
Rating Scale

Parental ratings reported mainly on the sensitivity and specificity. A few studies reported
perfect diagnostic performance for parental ratings for either sensitivity or specificity, but not
both together. Little information was provided in these diagnostic studies regarding the reliability
of the measures given the large range of different measures evaluated by study authors. We
downgraded the strength of evidence for study limitation (lack of detailed reporting), imprecision
(large variation in reported diagnostic performance) and for inconsistency (when consistency
could not be assessed because no study was identified, or only one study was identified reporting
on the test and outcome of interest and results have not been replicated by another author group,
or only limited data points were available). None of the included studies provided information on
the effect of misdiagnosis. None of the identified studies reported the costs associated with
obtaining parental ratings.

4.3.2 Teacher Ratings

We identified 23 studies using Teacher ratings to diagnose ADHD. '8 119 183, 218,242,299, 301, 314,
342,359,362, 391,463, 479, 482, 491, 519, 527,528, 558, 559, 587, 642 The earliest study meeting eligibility criteria
was published 19984 from four different English-speaking countries, primarily the United
States, 242 299 342,359, 391, 463, 479, 482, 491, 519, 527, 528, 558, 559, 642 The populations studied were
predominately males between the ages of three and 18. Two studies exclusively included
children younger than seven years old>!®> > and two exclusively in children eight years or
older.!"-3% For studies that distinguished between ADHD presentations, most of the participants
were diagnosed with the combined or inattentive presentations. Almost all of the studies mention
race and ethnicity demographics, with 14 studies where White participants made up greater than
70 percent of the sample, and one study in which over 85 percent of the participants were
Black/African American.

ADHD participants with co-occurring disorders were not excluded from most of the studies.
Studies were divided into clinical samples and those recruited from a less selective population.
None of the studies included children who all had a dual diagnosis, such as ADHD and conduct
disorder.
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4. Results: Diagnosis of ADHD

Studies reported a variety of outcomes, with sensitivity and specificity being the most
frequently reported outcomes. Figure 8 plots the reported sensitivity and specificity for teacher
rating scales.

Figure 8. Sensitivity and specificity of teacher rating scales
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Notes: Evaluated tools: ADHD-RS, ADHD-RS-IV-I, ADHD-SC4-T, BASC-2-EF, BASC-3, BRIEF, BRIEF-P+BRIEF-
T+DKEFS, CTRS, CTRS-R, DBD, ECI-4, SNAP-IV, TRF, TRF+Conners-3-T(S), TRF-A, TRF-Ag, WMRS. More
information can be found in the evidence table in the appendix

The figure shows the large range in reported sensitivity and specificity. It also shows that
studies have evaluated many different teacher rating tools.

The Teacher Report Form, alone or in combination with Conners teacher rating scales, and
using the total or the subscale of attention problems, was evaluated in more than one study.?*>3%!:
342,587 Reported sensitivity ranged from 72 percent®’! to 79 percent.’®’ Reported specificity
estimates ranged from 64 percent®®’ to 76 percent.?*? Two of the studies reported on AUC and
found 0.65°* for the attention problem subscale and 0.77°%! in combination with the Conners 3
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4. Results: Diagnosis of ADHD

teacher short form. No two studies reported on rater agreement, internal consistency, or test-
retest reliability for the same teacher rating scale.

Table 4 shows the findings for the outcomes of interest together with the number of studies

and study identifiers.

Table 4. KQ1 summary of findings and strength of evidence for teacher ratings

KQ1
Diagnostic
Test

Outcome

Number of Studies
and IDs

Findings

Reasons for
Downgrading

SoE

KQ1
Teacher
Ratings

Sensitivity

17 studiesl& 119, 183, 218,

242,299,301, 314, 359, 479, 482,
527, 528, 558, 559, 587, 642

Sensitivity ranged from 70% using
the BASC-3 (corresponding
specificity 73%)%? to 92% using the
ADHD-RS (corresponding specificity
88%)%%° differentiating ADHD and
neurotypical development
Sensitivity ranged from 40% using
the SNAP-IV (corresponding
specificity 71%)*82 to 97% using the
SNAP-IV (corresponding specificity
26%)%'* in clinical samples

S, |

Low

KQ1 TRF

Sensitivity

3 StudieSZ42, 301, 587

Reported sensitivity ranged from
72% (corresponding specificity
75%)%" to 79% (corresponding
specificity 64%)%¢7

S,C

Low

KQ1
SNAP-IV

Sensitivity

2 studies?!4. 482

Reported sensitivity ranged from
40% (corresponding specificity
71%)*82 to 97% (corresponding
specificity 26%)3"4

S,C

Low

KQ1
Teacher
Ratings

Specificity

16 studiesl& 119, 183, 218,

242,299,301, 314, 359, 482, 527,
528, 558, 559, 587, 642

Specificity ranged from 55% using
the DBD (corresponding sensitivity
82%)5%8 to 88% for the ADHD-RS
(corresponding sensitivity 92%)%%°
differentiating ADHD and
neurotypical development
Specificity ranged from 48% using
the CTRS-R (corresponding
sensitivity 82%)'8 to 91% for the
TRF aggressive behavior scale
(corresponding sensitivity 48%)3°" in
clinical samples

Low

KQ1 TRF

Specificity

4 StudieSZ42, 301, 342, 587

Reported specificity ranged from
64%5%7 to 76%242

S,C

Low

KQ1
SNAP-IV

Specificity

2 studies?!4. 482

Reported specificity ranged from
26% (corresponding sensitivity
97%)3'* to 71% (corresponding
sensitivity 40%)*82

S,C

Low

KQ1
Teacher
Ratings

Accuracy

4 Studiesl& 299, 559, 587

Accuracy was 91%2% using the
ADHD-RS to differentiate ADHD and
neurotypical development

Accuracy ranged from 69 using the
ECI-4%9 to 76% using the TRF%7 in
clinical samples

Low

KQ1
Teacher
Ratings

AUC

5 StUdieS218‘ 301, 342, 359,
479

AUC was 0.83 using the BASC-2359
differentiating ADHD and
neurotypical development

AUC ranged from 0.65 for TRF3*2 to
0.84 for the ADHD RS-IV teacher
rating inattention scale*’® in clinical
samples

Low
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4. Results: Diagnosis of ADHD

KQ1 Outcome Number of Studies Findings Reasons for | SoE
Diagnostic and IDs Downgrading
Test
KQ1 TRF AUC 2 studies?01-342 AUC ranged from 0.65%34 to 0.77 S, C Low
when combined with Conners-3-
T(S)301
KQ1 Rater 4 studies?!8. 362, 391,463 In clinical samples: S, | Low
Teacher agreement Correlations between teacher and
Ratings parent ratings ranged from 0.17 to
0.41 over four subscales on the
CHAOS scale,*®" the reported kappa
range was 0.29 between teacher and
parent ratings on the ADHD RS-
IV,382 yp to 0.68 for Symptom
Inventories Teacher rating*63; ICCs
comparing teacher and parent
scores of the Conners rating scales
were 0.192'8
KQ1 Internal 6 studies?!8. 342,359, 391, In neurotypical samples: S, | Low
Teacher consistency | 327.528 Cronbach’s alpha 0.94 for both
Ratings teacher-rated inattention and
hyperactivity symptom counts on the
DBD528
Cronbach’s alpha was 0.95 for
BASC-23%°
Cronbach’s alpha was 0.94 for the
DBD527
In clinical samples:
Cronbach’s alpha was 0.95 for the
TRF attention problems subscale®?;
Cronbach’s alpha ranged from 0.64
to 0.91 over four subscales of the
CHAQOS scale?®", Cronbach’s alpha
was 0.80 for CTRS-R?'®
KQ1 Test-retest 1 study3*! Pearson correlations ranged from C Low
Teacher reliability 0.74 to 0.87 over four subscales of
Ratings the CHAOQOS scale, retest between 1
and 829 days®®' in a clinical sample
KQ1 Misdiagnosis | O studies No data C Insufficient
Teacher impact
Ratings
KQ1 Costs 0 studies No data C Insufficient
Teacher
Ratings

Notes: AUC = area under the curve, KQ = Key Question, Attention-Deficit/Hyperactivity Disorder Rating Scale, “h edition,

ASEBA = Achenbach System of Empirically Based Assessment, BASC = Behavior Assessment System for Children, C =

inconsistency, CHAOS = Hyperactive-Attention Problem- Oppositional Symptom, CTRS-R = Connor Teacher Rating Scale

Revised, DBD = Disruptive Behavior Disorder rating scale, I = imprecision, S = study limitation, SNAP-IV = Swanson, Nolan,
and Pelham Questionnaire, SoE = strength of evidence, TRF = Teacher Report Form

Across all teacher rating studies, reported sensitivity in individual studies were up to 97
percent in a clinical sample, but the corresponding specificity was only 26 percent.’!* We
downgraded the strength of evidence for imprecision (large variation in reported diagnostic

performance) and for inconsistency (when consistency could not be assessed because only one

study was identified reporting on the test and outcome of interest and results had not been
replicated by another author group). Identified diagnostic accuracy studies did not report on
several of the other key outcomes.
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4. Results: Diagnosis of ADHD

4.3.3 Teen/Child Self-Reports

We identified six studies using teen/child self-reports to diagnose ADHD. 4% 168,231,297, 491, 506

The earliest study was published in 200

2506

and data came from two countries, the United

States?*! 27 %1 and Canada,'*> 19306 respectively. Self-reports were primarily completed by
adolescents, however one study provided a research assistant to help read the questions for
participants under 11 years old.?’” Only one study documented the ADHD presentation: 10
percent inattentive presentation, 4 percent hyperactive/impulsive presentation, and 25 percent
combined presentation.*’! Two studies mentioned race and ethnicity demographics. In one study,

White participants made up 61 percent of the sample
participants were Black/African American.

297
491

and one study reported 89 percent of the

Studies reported a limited number of outcomes, with sensitivity, specificity, and AUC being
the most frequently reported outcomes. No two identified studies reported on the same self-
report measure. Reported diagnostic success varied widely. Table 5 shows the findings for the
outcomes of interest together with the number of studies and study identifiers. None of the tools

was evaluated in more than one study.

Table 5. KQ1 summary of findings and strength of evidence for self reports

KQ1 Diagnostic
Test

Number of
Studies and
IDs

Outcome

Findings

Reasons for
Downgrading

SoE

KQ1 Self-
reports

4 studies'#>
168, 297, 506

Sensitivity

Sensitivity ranged from 57% (corresponding
specificity 81%) using the SWAN self report'68
to 86% for the DIA-R (corresponding specificity
70%)'42 differentiating ADHD and neurotypical
development

Sensitivity ranged from 53% using the Brown
ADD Scale for Adolescents (corresponding
specificity 98%)'4? to 78% using the Brown
ADD scale plus CWASR in clinical samples

Cc

Low

KQ1 Self-
reports

4 studies'*>
168, 297, 506

Specificity

Specificity ranged from 70% using the DIA-R
(corresponding sensitivity 86%)%% to 81%
(corresponding sensitivity 57%) using the
SWAN self report, 8 differentiating ADHD and
neurotypical development

Specificity was 98% for the Brown ADD Scale
for Adolescents (corresponding sensitivity
53%)°%% in clinical samples

Low

KQ1 Self-
reports

Accuracy | 1 study3%

Accuracy ranged between 78 and 87% using
the Brown ADD scale for Adolescents in
samples of children with reading disabilities®®

Insufficient

4 studies'**
168, 297, 491

KQ1 Self-
reports

AUC

AUC ranged from 0.71 for the SWAN self
report,'®® and the Kiddie-Computerized
adaptive test (K-CAT)?*’ to 0.85 using the DIA-
R'42 differentiating ADHD and neurotypical
development

AUC was 0.56%°" for the ASEBA in clinical
samples*®!

Low

KQ1 Self-
reports

Rater
agreemen
t

1 study?%¢

Spearman correlation between child self-report
and parent report ranged from .164 for
subscales of the Conners and Child Behavior
Checklist to .747 for the Brown ADD self-report
vs the K-SADS parent report5%

Low

KQ1 Self-
reports

Internal
consisten

cy

1 study!6?

Cronbach’s alpha was above 0.80 for the DIA-
R'42 and 0.88 for the SWAN self report'%®
differentiating ADHD and neurotypical
development

Low
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KQ1 Diagnostic | Outcome | Number of Findings Reasons for SoE
Test Studies and Downgrading
IDs

KQ1 Self- Test- 1 study'# Test-retest ICC was between 0.82 to 0.84 C Low
reports retest across clinical and neurotypical developing

reliability subsamples using the DIA-R'42
KQ1 Self- Misdiagn | O studies No data C Insufficient
reports osis

impact
KQ1 Self- Costs 0 studies No data C Insufficient
reports

Notes: AUC = area under the curve, KQ = Key Question, ASEBA = Achenbach System of Empirically Based Assessment, C =
inconsistency, DIA-R = Dominic Interactive for Adolescents-Revised, I = imprecision, K-SADS = Kiddie Schedule for
Affective Disorders and Schizophrenia, S = study limitation, SoE = strength of evidence, SWAN = Strengths and Weaknesses of
ADHD Symptoms and Normal Behavior Rating Scale

The reported diagnostic performance of teen self-reports was limited. We downgraded for the
domain inconsistency (inability to judge the consistency across studies because only one study
was identified reporting on the test and outcome of interest). In several cases, our searches
identified no studies and the strength of evidence is insufficient for the outcome.

4.3.4 Combined Ratings

We identified 13 studies that assessed the diagnostic performance of ratings combined across
informants. '8 189 277, 297, 303, 405, 467, 479, 527, 548, 559, 570. 600 The studies compared the information from
multiple raters to the reference standard. Studies combined information sources in different
ways, often selecting individual variable with the help of machine learning. Only one of these
studies compared the performance when combining data from multiple informants to that of
single informants: it found negligible improvement when combining youth self-report to the
parent report alone using an adaptive testing questionnaire (AUC youth only 0.71; parent only
0.85; combined 0.86) in a treatment-seeking population.?®’

The studies reported only on selected accuracy measures. One study combined parent and
teacher ratings on the Conners scales by requiring youth to meet diagnostic cutoffs (T-score >65)
in one setting and substantial symptoms in the other setting (T-score >60). It reported a
diagnostic sensitivity of 84 percent and specificity of 36 percent for the combined rating when
distinguishing ADHD from other clinically referred youth.'® One study reported findings from a
discriminant function analysis of mother, father, and teacher ratings on the Conners scale when
distinguishing ADHD youth who were considered either intellectually gifted or not from
typically developing, intellectually gifted youth. It found that the discriminant function using all
three informants distinguished the typically developing youth from the two ADHD groups but
did not distinguish the two ADHD groups from one another.?’”” A study in four to seven year old
children used machine learning to combine parent and teacher ratings on the BRIEF in
distinguishing youth with ADHD from typically developing controls. It reported an average
diagnostic accuracy of 0.93, with teacher ratings being the most informative in the machine
learning algorithm, though it did not formally compare accuracy for combined informants with
accuracy for either informant alone. The study also found that the addition of neuropsychological
test measures and cortical thickness measures to the machine learning algorithm did not
meaningfully improved diagnostic performance over use of the BRIEF alone.**” The best AUC
was reported by a machine learning supported study combining parent and teacher ratings (AUC
0.98).40
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4. Results: Diagnosis of ADHD

The studies did not report reliability measures for ratings combined across informants;
studies reported only psychometric performance in individual informant groups. For example,
one of the studies reported that individual ratings of the BRIEF using parent and teacher ratings
found intraclass correlation coefficients (ICCs) from 0.31 to 0.59 across subscales.’’° Another
study reported the range of Cronbach’s alpha estimates across teacher and parent ratings for
individual scales, all indicating substantial internal consistency (with the lowed Cronbach’s also
of 0.72, all other values were above 0.90).4¢

4.3.5 Clinician Tools

We identified 24 of studies evaluating additional tools that could be used by clinicians or the
healthcare system (beyond neuropsychological tests; parent, teacher, or self-report ratings;
biomarkers; or lmaglng) to ald the diagnOSiS Of ADHD‘27, 121, 167, 181, 298, 299, 311, 338, 355, 362, 385, 388, 389, 400,
403,407, 416, 417, 434, 437, 499, 542, 566, 627 The earliest identified study was published in 2009.°?” Evaluations
were published in three different countries, including eight from the United States.?”2%% 311, 389,
400,403,542, 366 The populations studied were predominately males and included youth were
between the ages of three and 18. Most studies did not distinguish between ADHD presentations
but three studies restricted to the combined ADHD type.!2! 416627 Where studies mentioned race
and ethnicity demographics of the sample composition, the percentage of White children ranged
from 52 to 100 percent, the number of Black or African American children ranged from two to
44 percent, Hispanic/Latino children three to 20 percent, and Asian children one to three percent.

Studies used different tools, including diagnostic interview guides and observation tools.
Several studies measured child activity levels as an objective test, for example through an
actometer or commercially available activity tracker!?!: 181,298, 355,400,403, 416,437, 627 o d two
evaluated direct observation as a diagnostic tool.!¢”-3%? Three studies used insurance claim-based
algorithms or medical health record indicators*** 34> 366 The remaining studies addressed unique
interventions and questions, for example, one study focused on the clinical utility of International
Classification of Diseases [ICD]-11 diagnostic guidelines*” and a clinician diagnosis combined
with an assessment aid that involved integrating EEG and theta/beta ratio data.?’

Studies are difficult to compare since they assess different tools and approaches. Studies
reported a variety of outcomes, with sensitivity and specificity being the most frequently
reported outcomes. Table 6 shows the findings for the key outcomes of interest together with the
number of studies and study identifiers. Where all identified studies evaluated the same tool, the
first column of the study indicates the tool, otherwise estimates are reported across all tools.

Table 6. KQ1 summary of findings and strength of evidence for clinician tools

KQ1 Diagnostic Outcome Number of | Findings Reasons for | SoE
Test Studies and Downgrading

IDs
KQ1 Clinician Sensitivity 14 studies?”> | Sensitivity ranged from 25 (corresponding C, I Low
tool 121,167, 181,298, | gpecificity 94%) using actigraph measures

209,355,388,400. | taken during CPT task*'” to 100%

403, 407,416,417, | (corresponding specificity 99%) using

434 extended activity measurement35°
differentiating ADHD and neurotypical
development

Sensitivity ranged from 63% (corresponding
specificity 74%) using a combination of
medical record indicators** to 93% using
smart chair data'® in a clinical sample
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KQ1 Diagnostic
Test

Outcome

Number of
Studies and
IDs

Findings

Reasons for
Downgrading

SoE

KQ1 Clinician
tool

Specificity

14 studies?”
121, 167, 181, 298,

299, 355, 388, 400,
403, 407, 416, 417,
434

Specificity ranged from 79% using an
observational assessment tool
(corresponding sensitivity 87%)'67 to 100%
(corresponding sensitivity 98%)'?" using
activity measures differentiating ADHD and
neurotypical development

Specificity ranged from 36% using interview
notes and family history data (corresponding
sensitivity 89%)*** to 95% (corresponding
sensitivity 67%)'8! using smart chair data in
a clinical sample

C I

Low

KQ1 Clinician
tool

Accuracy

12 studies?”
121, 181, 298, 299,

355, 388, 403, 407,
416, 434,437

Accuracy ranged from 0.684% to 0.99'2
using activity measures to differentiate
ADHD and neurotypical development
Accuracy ranged from 0.61 for individual
clinical impressions?’ to 0.92 using smart
chair data'®" in a clinical sample

Low

KQ1 Clinician
tool

AUC

12

studies!?!: 167,
181, 311, 355, 385,

389, 400, 407, 416,
434, 627

Activity measures ranged from AUC 0.79627
to 0.99963% differentiating ADHD and
neurotypical development

AUC ranged from 0.66 using a combination
of medical record indicators*** to 0.98 using
smart chair data in a clinical sample

Low

KQ1 Clinician
tools

Rater
agreement

2 studies'®”
499

ICC was 0.92 for raters using the DB-
DOS'%7 differentiating ADHD and
neurotypical development

Kappa between a clinician interviewer and
clinician observing the interview was 0.464%°
in a clinical sample

Low

KQ1 Clinician
tools

Internal
consistency

2 studies'®”
385

Cronbach’s alpha was 0.82 for the DB-
DOS'%7 differentiating ADHD and
neurotypical development

Cronbach'’s alpha was 0.86 for the HDS385 in
a clinical sample

Low

KQ1 Clinician
tools

Test-retest
reliability

1 study!®’

Test-retest reliability was ICC 0.64 for the
DB-DOS'%7 differentiating ADHD and
neurotypical development

Insufficient

KQ1 Clinician
tools

Misdiagnosis
impact

0 studies

No data

Cc

Insufficient

KQ1 Clinician
tools

Costs

0 studies

No data

C

Insufficient

Notes: ADHD = attention deficit hyperactivity disorder, AUC = area under the curve, C = inconsistency, DB-DOS = Disruptive
Behavior Diagnostic Observation Schedule, HDS= InterRAI child and Youth Mental Health Hyperactive/Distraction scale, I =
imprecision, KQ = Key Question, S = study limitation; SoE = strength of evidence

We downgraded the strength of evidence for imprecision (very large variation in reported
diagnostic performance) and for inconsistency (when consistency could not be assessed because
only one study was identified reporting on the test, and outcome of interest and results had not
been replicated by another author group). The tools were difficult to compare and answered
study-specific questions.

4.3.6 Biomarkers

We identified seven studies using proposed biomarkers obtained from biospecimen to
diagnose ADHD,30% 501,563, 383,603, 635,644 EE G and imaging approaches are reported in section
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4.3.7 and the evidence table (Appendix C, Table C.1.) shows additional, more unique approaches
using other approaches such as eye movement tracking to diagnose ADHD. Five identified
studies used blood measures, including membrane potential ratio®®* and
erythropoietin/erythropoietin receptor,?” and three of these studies analyzed miRNA obtained
from blood samples.®* 35644 The other studies evaluated urine indicators.>’! 5% The earliest
identified study was published in 2007.°"! Evaluations were published in five different countries,
including one from the United States.’®

The populations studied were predominately males between the ages of six and 17. Most
studies required participants to not be taking stimulant medication. For studies that distinguished
between ADHD presentations, most of the participants were diagnosed with the combined
presentation.>®* 63364 Only two studies mentioned race and ethnicity demographics, one where
all of the participants were Han Chinese®®* and the other where the majority of participants were
Black/African American.’®® None of the studies used a clinical sample or children with a
consistent co-morbidity.

Table 7 shows the findings for the outcomes of interest together with the number of studies
and study identifiers. Given the clinical diversity of the biomarkers (e.g., differences in
invasiveness and technological requirements of tests), we include results across all biospecimen
evaluations, blood markers, miRNA specifically, and urine indicators where more than one study

was identified that reported on the outcome.

Table 7. KQ1 summary of findings and strength of evidence for biomarkers

KQ1 Outcome Number of Findings Reasons for SoE
Diagnostic Studies and Downgrading
Test IDs
KQ1 Sensitivity 7 studies®”: | Sensitivity ranged from 56% (corresponding | S, | Low
Biomarkers 301,563,583,603, | gpecificity 95%)°°" t0100% (corresponding
(biospecimen) 635, 644 specificity 100%) using a serum marker309

differentiating ADHD and neurotypical

development
KQ1 Blood Sensitivity 2 studies®® | Sensitivity ranged from 79% (corresponding | S, | Low
biomarkers 363 specificity 25%)%83 to 100% (corresponding

specificity 100%) using a serum marker3
KQ1 miRNA Sensitivity 3 studies®®: | Sensitivity ranged from 68% (corresponding | S, | Low
biomarkers 635, 644 specificity 71%)8% to 90% (corresponding

specificity 80%)%%3
KQ1 urine Sensitivity 2 studies™!> | Sensitivity ranged from 56% (corresponding | S, | Low
markers 383 specificity 95%)%°" to 94% (corresponding

specificity 83%)%83
KQ1 Specificity 7 studies®” | Specificity ranged from 25% (corresponding | S, | Low
Biomarkers 501,563, 583,603, | sensitivity 79%)%6% to 100% (corresponding
(biospecimen) 635, 644 sensitivity 100%) using a serum marker309

differentiating ADHD and neurotypical

development
KQ1 Blood Specificity 2 studies®® | Specificity ranged from 25% (corresponding | S, | Low
biomarkers 363 sensitivity 79%)%83 to 100% (corresponding

sensitivity 100%)3%°
KQ1 miRNA Specificity 3 studies®®: | Specificity ranged from 71% (corresponding | S, | Low
biomarkers 635, 644 specificity 68%)%% to 95% (corresponding

sensitivity 82%)%3°
KQ1 urine Specificity 2 studies®!> | Specificity ranged from 80% (corresponding | S, | Low
markers 383 sensitivity 88%)%" to 95% (corresponding

sensitivity 56%)%""
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KQ1 Outcome Number of Findings Reasons for SoE
Diagnostic Studies and Downgrading
Test IDs
KQ1 Accuracy 2 studies* | Accuracy ranged from 55% using a blood S,C Low
Biomarkers 603 marker®83 to 85% using miRNA803
(biospecimen) differentiating ADHD and neurotypical

development
KQ1 AUC 4 studies®® | AUC ranged from 0.68%0% using mIRNA8to | S, C Low
Biomarkers 383, 603, 644 1.003% using a serum marker differentiating
(biospecimen) ADHD and neurotypical development
KQ1 Rater 0 studies No data C Insufficient
Biomarkers agreement
(biospecimen)
KQ1 Internal 0 studies No data C Insufficient
Biomarkers consistency
(biospecimen)
KQ1 Test-retest 0 studies No data C Insufficient
Biomarkers reliability
(biospecimen)
KQ1 Misdiagnosis | 0 studies No data Cc Insufficient
Biomarkers impact
(biospecimen)

Notes: ADHD = attention deficit hyperactivity disorder, AUC = area under the curve, C = inconsistency, I = imprecision, Key
Question = Key Question, S = study limitation, SoE = strength of evidence

Biomarker studies reported mainly on sensitivity and specificity. Selected studies achieved
very high sensitivity.’* Little information was provided in the studies regarding the reliability of
the markers or combinations of markers. None of the included studies provided information on
the effect of misdiagnosis. None of the identified studies reported the costs associated with
analyzing biomarkers.

4.3.7 EEG

We identified 45 studies using EEG markers to diagnose ADHD,?7- 111 115, 120, 124, 143, 157, 172,
179, 182, 186-189, 192, 197, 245, 312, 322, 340, 351, 356, 365, 366, 370, 394, 395, 397, 404, 408, 412, 413, 415, 420, 438, 449, 465, 468, 473,
487,494,546, 348,592, 641 The earliest identified study was published in 2003.>*¢ EEG evaluations were
published in 17 different countries, primarily Iran and China, with four studies published in the
United States.?” #12:487. 3% The populations studied were predominately males between the ages
of six and 17, with only three studies including children as young as four years old.">” 34 One
study included only female participants,'®” and seven studies included only males.!!!: 179 412,413,
449,468,473 In several studies, participants were required to demonstrate an IQ of 80 or higher and
almost half of the studies required that participants not take stimulant medication or stop
medication several days before testing. For studies that distinguished between ADHD
presentations, most focused on the combined and inattentive presentations. Race and ethnicity
demographics were not mentioned in most studies.

While ADHD participants with co-occurring disorders were not excluded from most studies,
only a few studies purposely included specific co-occurring disorders to evaluate the diagnostic
test performance in children with co-occurring conduct disorder or other behavioral disorders.'*
The large majority of studies had unselected samples, i.e., comparing children with ADHD to
neurotypical developing children.

Studies used EEG signals obtained during a resting state with eyes closed, eyes open, while
performing neuropsychological tests, and/or recording event-related potentials. Studies varied in
the reported detail (e.g., number of electrodes, channels, frequency and duration of the
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recording); the documented information is shown in the evidence table in the appendix. Two
thirds of studies used machine learning algorithms to select parameter for classification. Several
studies explicitly reported combining EEG data with specific demographic variables or rating

scale results.

27,124, 143, 189, 192, 312, 351

Table 8 shows findings for the outcomes of interest together with the number of studies and
study identifiers.

Table 8. KQ1 summary of findings and strength of evidence for EEG

KQ1 Outcome Number of Findings Reasons for SoE
Diagnostic Studies and Downgrading
Test IDs
KQ1 EEG Sensitivity 27 studies?” "l | Sensitivity ranged from 46% (corresponding | S, | Low
115, 120, 124, 143, 157, specificity 74%)'%” to 100% (corresponding
172,179, 182, 186, 189, Specificities 71 % to 1000/0)143, 245, 413
197, 245, 340, 351, 356, differentiating ADHD and neurotypical
370, 395, 397, 408, 413, deVelOpment
473, 487, 546, 548, 592 Sensitivity ranged from 82% (corresponding
specificity 94%)?” to 97% (corresponding
specificity 100%)*® in clinical samples
KQ1 EEG Sensitivity 6 studies?’ 124 Sensitivity ranged from 76% (corresponding | S, | Low
combined with 143,157, 189, 197 specificity 74%)'?* to 100% (corresponding
ratings or specificity 57 100%)43
demographics
KQ1 EEG Specificity 27 studies?” "l | Specificity ranged from 38% (corresponding | S, | Low
115, 120, 124, 143, 157, sensitivity 95%)'%7 to 100% (corresponding
172,179, 182, 186, 189, specificities 71% or 100%)143 413
197,245, 340, 351, 356, differentiating ADHD and neurotypical
370, 395, 397, 408, 413, development
473, 487, 546, 548, 592 Sensitivity ranged from 83% (corresponding
specificity 84%)3% to 100% (corresponding
specificity 94%)*" in clinical samples
KQ1 EEG Specificity 6 studies?” 124 Specificity ranged from 74% (corresponding | S, | Low
combined with 143,157, 189, 351 sensitivity 76%)'?* to 100% (corresponding
ratings or sensitivity?” 100%)'43
demographics
KQ1 EEG Accuracy 35 studies?” !> | Accuracy ranged from 58%'%7 to 100%143 S, | Low
115, 120, 143, 157, 172, 245, 340, 468, 494
182, 186-189, 197, 245, differentiating ADHD and neurotypical
312, 322, 340, 351, 356, deVelOpment
366,370,394,397,408, | Accuracy ranged from 88%2’ to 98%37° in
420, 438, 449, 468, 473, C”nical Samples
487, 494, 546, 548, 592,
641
KQ1 EEG Accuracy 5 studies?”> 143 Accuracy ranged from 86%'8° to 98%312 S, | Low
Combined Wlth 189, 312, 322, 351
ratings or
demographics
KQ1 EEG AUC 13 studies'?» 7 | AUC ranged from 0.63'°7 to 1.00%4° S, | Low
186, 187, 189, 197, 245, differentiating ADHD from neurotypical
340, 404, 412, 413, 415, deVelOpment
438
KQ1 EEG Rater 1 study'? Kappa for classifiers ranged from 0.73 to C Insufficient
agreement 0.78'20 across different models
differentiating ADHD and neurotypical
development
KQ1 EEG Internal 0 studies No data C Insufficient
consistency
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KQ1 Outcome Number of Findings Reasons for SoE

Diagnostic Studies and Downgrading

Test IDs

KQ1 EEG Test-retest | 1 study?’ ICC was 0.83 for Theta/Beta ratio; repeated | C Low
reliability measures collected on two different visits in

a clinical sample?’

KQ1 EEG Misdiagnosi | O studies No data C Insufficient
s impact

KQ1 EEG Costs 0 studies No data C Insufficient

Notes: ADHD = attention deficit hyperactivity disorder, AUC = area under the curve, C = inconsistency, EEG =
electroencephalogram; I = imprecision, KQ = Key Question, S = study limitation, SoE strength of evidence

EEG studies predominantly reported accuracy estimates. Sensitivity in individual studies
ranged widely from 46 percent!®’ to perfect sensitivity (corresponding specificities 71%);!4> 413
the range was reduced in studies restricting to older children. Studies in clinical samples reported
a reduced range of sensitivity and specificity compared to studies differentiating children with
ADHD from neurotypically developing children, but the identified samples were either small or
they augmented EEG predictions with demographic variables. Some studies combined EEG data
with demographics; the achieved sensitivity was reported as 100 percent (corresponding
specificity 100%) in one study.'*> We downgraded the strength of evidence for imprecision
(large variation in performance across studies). In addition, we downgraded for study limitations
as diagnostic approaches were often not well described. For some outcome measures, no study
was identified that assessed it and determining the effects associated with the test was not
possible.

4.3.8 Imaging

We identified 19 studies using neuroimaging.
591,630,631, 633 Stydies were predominantly published in the U.S. and China. A publicly available
dataset (ADHD-200) produced numerous analyses.!?!: 282495581 The populations studied were
predominately males between the ages of six and 17, with one study including only male
participants.®*° In several studies, participants were required to demonstrate an IQ of 80 or higher
to be included in the sample. > 349371 630. 631 A quarter of the studies required participants not be
taking stimulant medication or to stop medication several days before testing.>’! ©3%-633 A third of
the studies included only right-handed participants*°% 495371630 [ studies that distinguished
between ADHD presentations, most focused on the combined and inattentive presentations. A
minority specified including individuals with the hyperactive/impulsive presentation.!?!- 282 34
633 Nearly all studies did not include race and ethnicity demographics.

While ADHD participants with co-occurring disorders were not excluded from most of the
studies, no studies specifically assessed test performance in children with specific co-occurring
disorders. One study differentiated children with ADHD from those with dyslexia.’** One
evaluated the diagnostic performance of an algorithm differentiating ADHD from autism.?*? All
studies used unselected, general samples, rather than clinical samples referred for further
diagnostic workup (where a large proportion of children will either be diagnosed with ADHD,
conduct disorders, autism, or depression).

All but two imaging studies used MRI to diagnose ADHD. However, studies utilized MRI in
different ways. Some studies used functional MRI, some structural MRI, some used
combinations of structural and functional MRI, with or without magnetic resonance

28,191, 282, 319, 400, 464, 467, 495, 518, 524, 549, 571, 580, 581,
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spectroscopy. Two studies used near-infrared spectroscopy but the applications and diagnostic
models differed.?'!: 3! Most of the imaging studies used a large number of indicators and utilized
machine learning algorithms to detect markers to optimize the classifications. The reporting of
the variable selection process varied, and it was often not clearly reported which exact indicators
were included in the model used to determine diagnostic accuracy. Sone of the identified studies
combined imaging parameter with demographic or other clinical data for the prediction

mode

1 191, 211, 282, 400, 467, 495, 631, 633

Reported diagnostic accuracy estimates varied widely. Table 9 shows the findings for the
outcomes of interest, together with the number of studies and study identifiers. The table
summarizing findings across all imaging studies, findings for MRI studies specifically, and
imaging studies that combine imaging parameters with other variables (e.g., demographics) for

predictions.
Table 9. KQ1 summary of findings and strength of evidence for neuroimaging
KQ1 Outcome | Number of Findings Reasons for SoE
Diagnostic Studies and Downgrading
Test IDs
KQ1 Imaging | Sensitivity | 15 studies? °!- | Sensitivity ranged from 42% (corresponding S, | Low
(MRI, NIRS) to 211,282,319,400,467. | gpecificity 95%) using morphometric MRI%*° to
diagnose 495,518,549,571,581, | 99% (corresponding specificity 100%) utilizing
ADHD 391,630, 631 fMRI in a complex machine learning
approach®®! differentiating ADHD and
neurotypical development
KQ1 MRI to Sensitivity | 13 studies? 1°: | Sensitivity ranged from 42% (corresponding S, | Low
diagnose 282,319,400,467,495. | gpecificity 95%) using morphometric MRI%*° to
ADHD 318,549,571, 381,391, | 99%, (corresponding specificity 100%) utilizing
630 fMRI in a complex machine learning
approach®8! differentiating ADHD and
neurotypical development
KQ1 NIRS to Sensitivity | 2 studies?!'!- ! Sensitivity ranged from 73% (corresponding S, | Low
diagnose specificity 87%)?'" to 89% (corresponding
ADHD specificity 84%)%'
KQ1 Imaging Sensitivity | 3 studies?'-2%2 | Sensitivity ranged from 73% (corresponding S, | Low
combining 631 specificity 65%) using near-infrared
data with non- spectroscopy for functional measures in a
imaging multi-domain profile of measures to 93%
variables (corresponding specificity 95%) in a complex
machine learning model based on fMRI?%2
KQ1 Imaging | Specificity | 14 studies? °!- | Specificity ranged from 55% (corresponding S, | Low
(MRI, NIRS) to 211,282,319,400,495, | gensitivity 95%) in a model using resting state
diagnose 518,549,571, 581,391, | fMRI%'® to 100% (corresponding
ADHD 630, 631 sensitivity99%) utilizing fMRI in complex
machine learning approaches®" differentiating
ADHD and neurotypical development
KQ1 MRI to Specificity | 12 studies? 1°!: | Specificity ranged from 55% (corresponding S, | Low
diagnose 282,319,400,495,518, | gensitivity 95%) in @ model using resting state
ADHD 549,571,581, 591,630 | fMRI5'® to 100% (corresponding sensitivity
100%) utilizing fMRI in a complex machine
learning approach58!
KQ1 Imaging Specificity | 3 studies?''-282 | Specificity ranged from 84% (corresponding S, | Low
combining 631 sensitivity 89%) using a combination of NIRS
data with non- and other data®' to 95% (corresponding
imaging sensitivity 93%) utilizing fMRI and non-imaging
variables data?®?
KQ1 NIRS to Specificity | 2 studies?!!- 3! Specificity ranged from 84% (corresponding S, | Low
diagnose specificity 89%)%3" to 87% (corresponding
ADHD specificity 73%)?""
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KQ1 Outcome | Number of Findings Reasons for SoE
Diagnostic Studies and Downgrading
Test IDs
KQ1 Imaging | Accuracy | 14 studies'" Accuracy ranged from 61% using sMRI*¢7 to S, | Low
(MRI, NIRS) to 211,282,319,400,467, | 99.6% utilizing resting state fMRI in complex
diagnose 495,518, 571,581, 591, | machine learning approaches®" %8
ADHD 630, 631, 633 differentiating ADHD and neurotypical

development
KQ1 MRI to Accuracy | 12 studies'*! Accuracy ranged from 61% using sMRI*%7 to S, | Low
diagnose 282,319,400,467.495, | 99.6% utilizing resting state fMRI in complex
ADHD 518,571, 581,591,030, | machine learning approaches'®' 581

633 differentiating ADHD and neurotypical

development
KQ1 NIRS to Accuracy | 2 studies?':%! | Accuracy ranged from 81%2'" to 86%5%' S, | Low
diagnose
ADHD
KQ1 Imaging Accuracy | 6 studies?':282 | Accuracy ranged from 68% in a model using S, | Low
combining 495,518, 631 resting state fMRI5'8 to 95% utilizing fMRI in
data with non- combination with phenotypic data in a complex
imaging machine learning procedure®'
variables
KQ1 Imaging | AUC 13 studies'" AUC ranged from 0.58 in a multimodal imaging | S, | Low
(MRI, NIRS) to 211,319, 400,464,467, | model*®® to 0.997 in a model based on fMRI%®'
diagnose 518,549,580, 381,591, | differentiating ADHD and neurotypical
ADHD 631,633 development
KQ1 MRI to AUC 10 studies!*" AUC ranged from 0.58% in a multimodeal S, | Low
diagnose 319,400,467, 518,549, | jmaging model to 0.997 in a model based on
ADHD 580, 581, 591, 633 fMR|581
KQ1 Imaging AUC 3 studies?'- 93 | AUC ranged from 0.70 using sMRI, fMRI, and S, | Low
combining 633 diffusion-tensor MR plus age, sex, and 1Q%3 to
data with non- 0.898 in a model based on resting state fMRI%3’
imaging
variables
KQ1 NIRS to AUC 2 studies?!!. 63! AUC ranged from 0.802"'to 0.9063" S, | Low
diagnose
ADHD
KQ1 Imaging Rater 0 studies No data C Insufficient
to diagnose agreement
ADHD
KQ1 Imaging Internal 0 studies No data Cc Insufficient
to diagnose consistenc
ADHD y
KQ1 Imaging | Test-retest | O studies No data C Insufficient
to diagnose reliability
ADHD
KQ1 Imaging | Misdiagno | O studies No data C Insufficient
to diagnose sis impact
ADHD
KQ1 Imaging Costs 0 studies No data C Insufficient
to diagnose
ADHD

Notes: ADHD = attention deficit hyperactivity disorder, AUC = area under the curve, C = inconsistency, fMRI = functional
magnetic resonance imagining, I = imprecision, KQ = Key Question, MRI = magnetic resonance imaging, sMRI = structural
MRI, NIRS = near-infrared spectroscopy, S = study limitation, SoE strength of evidence

Studies reported primarily on sensitivity, specificity, and accuracy. Across all neuroimaging
studies, reported sensitivity varied widely. We downgraded the strength of evidence for
imprecision (large variation in performance reported across studies). In addition, we downgraded
for study limitations as the individual diagnostic models were often not well described and the
number and type of predictor variables feeding into the model was unclear. For some outcomes,
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no study was identified, and it was not possible to determine the effects associated with the
diagnostic modality. Some studies combined neuroimaging data and demographics, though the
relevance is unclear, since the only demographic characteristic that is likely associated with a
diagnosis of ADHD is sex, with a higher prevalence in males.

4.3.9 Neuropsychological Tests

We identified 74 studies using neuropsychological tests, assessing executive function and/or

encompassing a variety of cognitive assessments, including continuous performance tests, to
diagnose ADHD 18, 21, 24, 112, 119, 135, 140, 141, 152, 153, 159, 162, 170, 177, 184, 185, 190, 198, 213, 237, 246, 253, 263, 267, 276, 284, 293, 298,

307, 315, 316, 323, 327, 346, 347, 351, 352, 379, 382, 393, 401, 402, 417, 421, 422, 436, 445, 446, 450, 462, 467, 469, 470, 475, 477, 482, 486, 493, 496, 500, 515,

337, 341,543, 564, 576, 607. 614, 615, 625, 627. 632, 639. 647 R ating scales of executive function are described in the
parent and teacher rating section in the beginning of the chapter.

The earliest study evaluating a neuropsychological tests as diagnostic tools was published in
19994 and evaluations came from 18 different countries, primarily the United States. The
populations studied were predominately males between the ages of six and 18. Three studies
included three and four year old children.!%* 315467 In several studies, participants were required
to demonstrate an IQ of 70 or higher?* 346. 352, 365,467, 469, 500 \ith some studies requiring 1Q to be
at least 8021 152:253. 647 op 85 379,446,486 Two thirds of the studies required participants not take
stimulant medication or stop medication several days before testing. For studies that
distinguished between ADHD presentations, most of the participants were diagnosed with the
combined or inattentive presentations. About a third of the studies mentioned race and ethnicity
demographics, with seven studies where White participants made up half or more of the
sample,?!: 162 170,263,462, 607 e study where all of the participants were Asian,**® one study where
over 50 percent were Black/African American,*? and one study where 83 percent of the
participants were Hispanic or Latino.*’

ADHD participants with co-occurring disorders were not excluded from most of the studies.
Some studies used clinical samples with participants who were referred for diagnostic work-up
where all children presented with attention issues or other symptoms indicative of ADHD or a
different clinical diagnosis.* 133 162.263. 315 One study specifically looked at distinguishing
between children with ADHD, developmental dyslexia, and those who had both disorders.**® The
remaining studies used samples of neurotypically developing children as controls rather than
clinical samples.

ADHD participants with co-occurring disorders were not excluded from most of the studies.
Some studies used clinical samples with participants who were referred for diagnostic work-up
where all children presented with attention issues or other symptoms indicative of ADHD or a
different clinical diagnosis®* 133 162.263.315 Ope study specifically looked at distinguishing
between children with ADHD, developmental dyslexia, and those who had both disorders.**¢ The
remaining studies used samples of neurotypically developing children as controls rather than
clinical samples.

Studies described a wide range of test batteries, but over 50 studies used continuous
performance testing (CPT) to diagnose children and adolescents. CPTs provide multiple
behavioral outputs relevant to ADHD, including omission errors (reflecting inattention),
commission errors (reflecting impulsivity), and reaction time standard deviation (or reflecting
moment-to-moment response variability). Studies varied in their use of traditional visual CPTs,
such as the TOVA (Test of Variables of Attention), or more novel, multifaceted CPT
approaches. These latter “hybrid” CPT paradigms included CPTs that combined auditory and
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visual attentional processing demands together in the same task, those that monitored physical
movements during task administration, and virtual reality CPTs built upon environments
designed to emulate real-world distractibility in a classroom setting. The included studies used
idiosyncratic combinations of individual cognitive measures to achieve the best performance.
However, multiple studies reported on attention and impulsivity measures included in the

continuous performance tests.

Studies reported a variety of statistical parameters to determine the accuracy of the diagnostic

approach. Sensitivity, specificity, and accuracy were the most frequently reported diagnostic

measures. Table 10 shows the findings for the outcomes of interest together with the number of

studies and study identifiers for all key outcomes. Where we found more than one study
reporting on the same test or test component, the table also summarizes the performance for

those, specifically.

Table 10. KQ1 summary of findings and strength of evidence for neuropsychological tests

KQ1 Diagnostic Outcome Number of Findings Reasons for SoE
Test Studies and Downgrading
IDs
KQ1 Sensitivity 52 studies!®?!- | Sensitivity ranged from 28% S, | Low
Neuropsychological 112, 119,141,152, 153, | (corresponding specificity 95%)*45 to
tests 162,170,177, 190, 198, | 100% (corresponding specificity up to
213,246,253,267.276, | 100%)"4". 152 differentiating ADHD
293,298,307,323,327, | and neurotypical development
346,347, 351,352,379, | Sensitivity ranged from 22%
393,417,421,422.436, | (corresponding specificity 96%)%4 to
445,446,450, 462,467, | 91% (corresponding specificity
470,475,477, 482,486, | 229/4,1639 in clinical samples
493, 496, 515, 537, 543,
564, 614, 615, 639, 647
KQ1 CPT Sensitivity 35 studies? !> | Sensitivity ranged from 22% S, | Low
119, 141,152,153, 162, | (corresponding specificity 96%)°¢* to
189,190, 198,246,253, | 100% (corresponding specificity
276,298,307,323,346, | 100%) for a brief neuropsychological
347,407,417, 421,436, | measure supported by machine
450, 462, 469, 470, 475, |earning
482, 496, 515, 537, 543,
564, 639, 647
KQ1 CPT Attention Sensitivity 3 studies?!- Sensitivity ranged from 48% S, | Low
162 (corresponding specificity 83%)% to
68% (corresponding specificity 76%,
)21
KQ1 CPT Impulsivity | Sensitivity 2 studies?* 162 Sensitivity ranged from 48% S, | Low
(corresponding specificity 83%)% to
55% (corresponding specificity
64%)162
KQ1 Specificity 54 studies!®?!- | Specificity ranged from 46% S, | Low
Neuropsychological 112,119, 124,152,153, | (corresponding sensitivity 85%)*° to
tests 162,170, 177, 190, 198, | 100% (corresponding sensitivity
213,246,253,267,276, | 100% and 75% respectively)!52 450
284,298,307, 323,327, | differentiating ADHD and neurotypical
346, 351, 352, 379, 388, development
393,402, 407,417,421, | Gpecificity ranged from 22%
422,436,445,446,450, | (corresponding sensitivity 91%)%3° to
462, 469,470,475,477, | 85% (corresponding sensitivity
482, 436,493,496, 515, | §3%)153 in clinical samples
537, 543, 564, 614, 615,
639, 647
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KQ1 Diagnostic Outcome Number of Findings Reasons for SoE
Test Studies and Downgrading
IDs
KQ1 CPT Specificity 33 studies?!: 1'% | Specificity ranged from 22% S, | Low
119,152,153,162, 189, | (corresponding sensitivity 91%) using
190, 198,246, 253,276, | TOVAS3 to 100% (corresponding
298,323,346, 347,407, | sensitivity 89%) using the PANDAS*%0
417, 421, 436, 450, 462,
469, 470, 475, 482, 496,
515, 537, 543, 564, 639,
647
KQ1 CPT Attention Specificity 3 studies?!: Specificity ranged from 64% S, 1 Low
162 (corresponding sensitivity 55%)'%? to
83% (corresponding sensitivity
48%)*
KQ1 CPT Impulsivity | Specificity 2 studies?* 162 Specificity ranged from 64% S, | Low
(corresponding sensitivity 55%)'6? to
83% (corresponding sensitivity
48%)*
KQ1 Accuracy 40 studies'® "> | Accuracy ranged from 34% using the | S, | Low
Neuropsychological 141,152,159, 162,170, | TOVAS to 100%'%2 for a brief
tests 184,185,198,213,253, | neuropsychological measure
284,293,298,307,316, | supported by machine learning
323,327,346,351,388, | (differentiating ADHD and neurotypical
402, 407,417,421, 422, development
450,462, 467.469.470. | Accuracy ranged from 67%%2 in
475,493,500, 537,541, | children with co-occurring
343, 607, 632 oppositional defiance disorder to 95%
for a combination measure'®
KQ1 CPT Accuracy 26 studies!!> Accuracy ranged from 57% using a S, | Low
141, 152,162,185, 189, | yirtual reality CPT to 95% using
198, 253, 298, 307, 316, TOVA141
323, 346, 407, 417, 421,
450, 462, 465, 469, 470,
475, 500, 537, 543, 632
KQ1 AUC 26 studies!4® AUC ranged from 0.65%¢° to 0.93 for S, | Low
Neuropsychological 170,177,190, 198, 246. | individual Go/No-Go task
tests 263,267,316,346,347, | measures®® differentiating ADHD
352,382,393,401, 407, | and neurotypical development
445, 446,467.469.477. | AUC ranged from 0.59%4 to 0.872%3 in
486, 493, 564, 576, 627 Clinical Samples
KQ1 CPT AUC 15 studies!'* AUC ranged from 0.65 using the S, | Low
189,190, 198,246,263, | Advanced Test of Attention*®® to 0.92
316, 346, 347, 382, 401, using the MOXO CPT40
407, 469, 564, 576
KQ1 Rater 3 studies!?®-263. | Neurotypical samples: S, | Low
Neuropsychological | agreement | 6° Kappa was 0.55 between Cognitive
tests Assessment System discriminant
function analysis classifications and a
priori diagnosis'’®
Clinical samples:
Kappa 0.15 between Groundskeeper
game and Conners subscales, 0.18
between Groundskeeper game and
CPT, and 0.3 between Conners
subscales and Conners CPT?%3
Kappa 0.15 between Test of
Variables of Attention and diagnosis
by clinical assessment®3°
KQ1 Internal 2 studies'®3% | Cronbach’s alpha ranged from 0.906 | C Low
Neuropsychological | consistency to 0.987 across 15 variables in the
tests diagnosis-supported decision support
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KQ1 Diagnostic Outcome Number of Findings Reasons for SoE
Test Studies and Downgrading
IDs

system (DS-ADHD) across all

children98

Cronbach’s alpha for a virtual reality

instrument was 0.725%
KQ1 Test-retest | 1 study?!? ICC less than 0.5 for the ADHD group | C Insufficient
Neuropsychological | reliability on all visual and auditory test
tests variables on The Advanced Test of

Attention repeated after 2 weeks*6°
KQ1 Misdiagnosi | O studies No data C Insufficient
Neuropsychological | s impact
tests
KQ1 Costs 1 study3s £31 [~$42] for QbTest including 30- C Insufficient
Neuropsychological minute appointment, £108 a
tests consultation within the UK Medway

NHS Trust at the time of audit®'® in a

clinical sample

Notes: ADHD = attention deficit hyperactivity disorder, AUC = area under the curve, C = inconsistency, CPT = continuous
performance test, I = imprecision, KQ = Key Question, QB test = Quantified Behavioral Test, S = study limitation, TOVA = Test
of Variables of Attention, SoE = strength of evidence

Studies evaluating neuropsychological tests reported predominantly on sensitivity and
specificity. Although selected studies reported perfect diagnostic performance for
neuropsychological tests,'>? those studies reported the diagnostic performance for composite
measures (unique and study-specific combinations of individual cognitive measures), making it
difficult to compare test performance across studies. The wide range in performance was
narrower in studies restricting to children seven and above. Reliability measures were rarely
reported in the identified studies. No study addressed the effects of misdiagnosis. Costs were
reported in only one study. We downgraded the strength of evidence for imprecision (large
variation in performance reported across studies). For some outcome measures, no study was
identified, and it was not possible to determine the effects associated with the test.

4.4 KQ1a. What is the comparative diagnostic accuracy of approaches that
can be used in the primary care practice setting or by specialists to
diagnose ADHD among individuals younger than 7 years of age?

We identified only 12 studies that reported exclusively on children younger than seven years
of age. 162 167, 189,316,331, 412, 416,437, 467, 516,519, 559 The earliest identified study was published in
2002%° and data came from the United States, Portugal, Spain, The Netherlands, Germany,
Taiwan, and New Zealand. The percent female ranged from none to 41 percent, where reported,
and the proportion of Caucasian children ranged from 54 to 90 percent. We identified three
studies that explicitly reported on diagnostic performance data collected in primary care.!6% 4>
605 Several studies used clinic populations of children referred for diagnostic purposes and
children often presented with multiple co-occurring disorders.

Studies evaluated parent ratings, teacher ratings, combined ratings, activity, EEG, imaging,
and neuropsychological tests. Studies reported a variety of outcomes, with sensitivity and
specificity being the most frequently reported outcomes. Sensitivity achieved in this age group
reached up to 97 percent in a study evaluating the use of activity ratings,*'® while a study
evaluated a continuous performance tests showed the lowest sensitivity (42%).'* Reported
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specificity was 91 percent in a study using parental ratings to diagnose ADHD**!, but EEG data
achieved only a specificity of 38 percent.'® Few of these diagnostic studies reported reliability
measures. The results across studies for the key outcomes are shown in the summary of findings
table at the end of the chapter, all other measures (where reported) are shown in the evidence
table in the appendix. We did not identify any study reporting on the adverse effect following a
misdiagnosis (not being diagnosed or being incorrectly diagnosed) in this age group. In addition,
none of the diagnostic studies mentioned costs of tests in this subsample.

The summary of findings table at the end of this chapter shows the diagnostic performance in
this young age group in more detail. The table summarizes the limited available evidence across
identified studies, together with the strength of evidence. Strength of evidence was either low
due to the limited evidence, or insufficient due to the lack of studies in this age group reporting
on the outcomes of interest.

4.5 KQ1b. What is the comparative diagnostic accuracy of EEG, imaging,
or approaches assessing executive function that can be used in the primary
care practice setting or by specialists to diagnose ADHD among individuals
aged 7 through 177

We identified 61 studies that reported exclusively on children aged seven and older. The
earliest identified study was published in 1989. Data came from 23 different countries, most
frequently U.S. and Chinese studies. Six studies restricted to boys, but one study included 75
percent girls.**® The proportion of White children ranged from 44** to 100!'? percent. The
proportion of Hispanic or Latino children ranged from one®’ to 20%° percent. The proportion of
Black or African American children ranged from five*’ to 34°%7 percent. The proportion of
Asian children ranged from one’ to 100%#! percent. The proportion of multiracial youth (where
reported) ranged from eight*% to 20%* percent.

Studies evaluated parent ratings, teacher ratings, combined ratings, teen/child self-report,
continuous performance, executive functioning, activity, EEG, MRI imaging, and
neuropsychological tests. Studies reported a variety of outcomes, with sensitivity and specificity
being the most frequently reported outcomes. Few of these diagnostic studies reported reliability
measures. We did not identify any study reporting on the adverse effect following a misdiagnosis
(not being diagnosed or incorrectly diagnosed) in this age group. In addition, none of the
diagnostic studies mentioned costs of tests in this subsample. The results across studies for the
key outcomes and interventions are shown in the summary of findings table at the end of the
chapter, all other measures (where reported) and results for other interventions evaluated in this
age group are shown in the Appendix C, Table C.1.

4.5.1 Diagnostic Accuracy of EEG in Youth Aged 7 Through 17

We identified 16 studies that used EEG to diagnose youth,!!!> 120- 172,245, 312, 351, 370, 394, 397, 408,
438,449,465, 494, 546, 641 The first study meeting eligibility criteria was published in 2003.!!1: 120172
245,312,351, 370, 394, 397, 408, 438, 449, 465, 494, 546, 641 Sy3dy locations included 11 different countries, with
several studies being conducted in China®3!: 394408, 641 an{ Jran?4>- 438494 The proportion of
included girls ranged from none!'" ** to 56 percent®* Race and ethnicity was rarely reported,
one study included 100% Asian youth.*>! The ADHD presentation was often not reported but
where reported, but two studies reported two thirds of children with combined presentation®!? 463
and one study restricted to inattentive ADHD*! Studies did usually not exclude children with

48



4. Results: Diagnosis of ADHD

comorbidities but only one study specifically assessed the effect of ODD (oppositional defiant
disorder) co-morbidity on diagnostic accuracy.?”"

Reported sensitivity, specificity, accuracy and AUC values ranged widely across studies as
documented in the summary of findings table. Studies varied in how much detail they provided
on the parameters that contributed to the diagnostic performance, which in combination with the
wide range of reported diagnostic performance resulted in low strength of evidence statement for
these outcomes of interest.

Studies did not report on rater agreement between EEG readers, internal consistency of
measurements, or test-retest reliability. Identified studies also did not describe the impact of
misdiagnosis and they did not mention costs. Hence, the evidence was determined to be
insufficient for these outcomes of interest.

4.5.2 Diagnostic Accuracy of Imaging in Youth Aged 7 Through 17

We identified eight studies that used imagining for diagnosing in this age group, all evaluated
the use of MRI. 191> 282, 400, 464,495,518, 571, 381 The first studies meeting eligibility criteria published
data in 2018'°!:57! Study locations were the United States and China. The proportion of included
girls ranged from 14°7! to 45282 percent. Race and ethnicity was rarely reported, but in studies
that provided a participant breakdown, the proportion of White children was 44 and 55 percent,
Hispanic 19 and 20 percent, Black six and 14 percent, and Asian two and six percent in two U.S.
studies.*** 4% Several studies stated that youth with all ADHD presentations were included.
Studies typically did not exclude youth with other comorbidities, but only one study assessed the
effect of autism on the diagnostic accuracy.’'®

The reported sensitivity, specificity, accuracy, and AUC values varied widely across studies.
Given the wide range of reported diagnostic accuracy measures in this age group, strength of
evidence was judged to be low regarding successfully diagnosing ADHD with imaging data.
Rater agreement for human imaging readers, internal consistency, test-retest reliability, impact of
misdiagnosis, and costs were not described. The strength of evidence was insufficient for
evidence statements for these outcomes of interest.

4.5.3 Diagnostic Accuracy of Executive Function in Youth Aged 7
Through 17

While a number of studies evaluated neuropsychological tests in this age group, not all
emphasized utilizing executive function characteristics for the diagnosis of ADHD. We
identified 14 studies with an emphasis on executive function assessment.!!% 153 159,213, 284,351, 352, 379, 446,
405,541,607 614,025 The earliest study was published in 1989.'%° Evaluations were conducted in six
countries, with the United States being the most frequent country.!%%213:607.625 The reported
proportion of girls ranged from none*% ¢!4 to 74 percent**® across studies. Race and ethnicity
was rarely reported, but several identified studies included only or predominantly White
youth,!12:213.607.625 Several studies restricted to or predominantly included youth with combined
ADHD presentation, !> 233352625 Stydies typically did not exclude youth with comorbidities but
none of the samples assessed the effect of a specific comorbidity on the diagnostic performance
of the executive function test.

Sensitivity, specificity, accuracy, and AUC values ranged widely within and across the
identified studies as documented in the summary of findings table. None of the identified studies
assessed the performance of the same diagnostic test, and most of the studies described unique

49



4. Results: Diagnosis of ADHD

combinations of test components that were used to diagnose ADHD. All identified studies are
documented in detail in the appendix. We determined the strength of evidence to be low for
diagnostic outcomes of interest.

Studies did not report on rater agreement or internal consistency of the test components, but
one study reported on temporal stability. The study reported correlations between tests on two
occasions of 0.81 (p<0.05) for the total test score in a Tower of London— Drexel task (assessing
total move and rule violation scores), 0.79 (p<0.05) for total time violations, and 0.42 (p<0.005)
for total rule violations.?'* Studies did not report on the impact associated with a misdiagnosis or
costs of the tests. Given the lack of studies or our inability to judge consistency reported in
results across studies, we determined the strength of evidence to be insufficient.

4.6 KQ1c. For both populations, how does the comparative diagnostic
accuracy of these approaches vary by clinical setting, including primary
care or specialty clinic, or patient subgroup, including age, sex, or other risk
factors associated with ADHD?

We did not identify studies comparing the accuracy in different settings in direct, head-to-
head comparisons. Hence, we had to address this KQ in indirect analyses across studies. Our
analyses were further limited by studies providing insufficient details on the accuracy of
performance (e.g., reporting clearly on the false positives and false negatives) and could not be
based on a meta-analytic model. Instead, we used the reported summary performance measures
as reported by the study authors to explore potential effect modifiers. The most common reported
diagnostic performance measures were sensitivity and specificity and most analyses were only
possible for these outcomes.

Figure 9 plots reported sensitivity by setting.

Figure 9. Sensitivity by setting
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The figure plots the sensitivity in different settings that are included in the dataset. It also
shows the range within and across settings. Comparing the reported sensitivities, a simple
regression analysis indicated that setting is associated with reported sensitivity (p 0.03).
However, the result should be interpreted with caution, as it does not take study size or quality
into account, and it was not established within a meta-analytic model. The corresponding
reported specificities are shown in Figure 10.

Figure 10. Specificity by setting
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Reported specificity values ranged considerably, within as well as across settings. Comparing
the reported specificities, a simple regression analysis did not indicate that setting is
systematically associated with reported specificity (p 0.70). However, the result should be
interpreted with caution, as it does not take study size or quality into account, and it was not
established within a meta-analytic model. The equivalent analyses for reported accuracy (p
0.006) indicated that the reported estimate is statistically significantly associated with setting.
The analysis for AUC was not significant (p 0.28).

We also evaluated whether the studies in clinical samples (i.e., referred for a clinical
diagnosis, oppositional defiance disorder, or autism) and those with primarily neurotypical
developing children reported different diagnostic performance values. The figure plots the
sensitivity results for the two participant populations (Figure 11).
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Figure 11. Sensitivity by clinical population
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Across studies, analyses detected a statistically significant difference in reported sensitivity
results depending on whether a study reported on a clinical sample or children were compared to
neurotypically developing children (p 0.04). On average, the sensitivity was lower in clinical
samples compared to studies differentiating youth with ADHD from neurotypically developing
youth (mean 75, SD 18 vs mean 81, SD 15). However, the analysis should be interpreted with

caution, as it does not use a meta-analytic model for the analysis and uses reported sensitivity

values as reported by the original authors.
Figure 12 plots the specificity stratified by population.

Figure 12. Specificity by clinical population
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The analysis indicated that the reported specificity was associated with the population that
was used to establish diagnostic accuracy (p<0.001). On average, clinical samples reported lower
specificities than studies in neurotypical samples (mean 68, SD 24 vs mean 83, SD 14). The
result suggests that the clinical population appears to be a source of heterogeneity seen in the
studies. However, the result should be interpreted with caution as the data were not analyzed in a
meta-analytical model and used the diagnostic performance data as reported by the original
authors.

Figure 13 plots the AUC values reported in included studies stratified by clinical versus
neurotypical samples.

Figure 13. Specificity by clinical versus neurotypical samples
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The analyses also detected a statistically significant difference in the reported accuracy based
on the population included in the evaluation sample (p<0.001). On average, the reported
accuracy was lower in clinical samples than in studies that differentiated youth with ADHD from
neurotypically development youth (mean 0.76, SD 0.13 versus mean 0.88, SD 0.09). However,
the analysis should be interpreted with caution as it is not based on a meta-analytic model, and
the number of included datapoints is smaller than for sensitivity and specificity. There were
insufficient data available for analyses of other outcomes.

We further aimed to investigate whether the age of the participants is associated with the
achieved diagnostic performance. Most studies included a range of ages, but studies differed in
whether they included young children. Figure 14 plots sensitivity by minimum age in the sample.
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Figure 14. Sensitivity by minimum age
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Across studies, we did not detect a statistically significant linear association between samples
including younger children versus not on reported sensitivity (p 0.54). However, it should be
noted that the number of studies that included smaller children was low and thus hindered
statistical power to detect differences and this is an indirect comparison across studies that also
does not take study size into account and hence should be interpreted with caution. The
equivalent figure for the specificity is shown in Figure 15.

Figure 15. Specificity by minimum age
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Across studies, we did not detect a statistically significant linear association between samples

including younger children or not on reported specificity (p 0.37). However, this analysis is an
indirect analysis across studies which is also not based on the meta-analytic model and should
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therefore be interpreted with caution. We also categorized studies as younger versus older
children. Using a dichotomous indicator differentiating between young (under 7) and older
children (7 and over) also did not indicate a systematic effect for sensitivity (p 0.98), specificity
(p 0.35), accuracy (p 0.09), or AUC (p 0.28).

We also analyzed the gender distribution in the identified studies, as the reported accuracy of
a diagnosis may be associated with the gender of the participants. Figure 16 plots the percent
female participants, the sensitivity, and specificity.

Figure 16. Sensitivity and specificity by proportion of female participants
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Across samples, the proportion of girls was not associated with reported sensitivity (p 0.63)
or specificity (p 0.80). Analysis for reported accuracy also did not detect an effect (p 0.34) nor
did an analysis of the reported AUCs (p 0.90) and there were insufficient data for further
analyses. However, the number of female participants was small across studies, which lowers the
statistical power to detect an effect.

There were insufficient numbers of studies to evaluate any other risk factors or participant
variables on the diagnostic outcomes of interest.

4.7 KQ1d. What are the adverse effects associated with being labeled
correctly or incorrectly as having ADHD?

Identified studies did not address consequence for patients correctly or not correctly
receiving a diagnosis of ADHD or adverse effects associated with being labeled correctly or
incorrectly as having ADHD. One study highlighted that a missed diagnosis has implications for
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accessing funding in the Australian healthcare system (e.g., national Disability Insurance
Scheme) but provided no further empirical data.**” None of the included studies reported on
stigma associated with being diagnosed or labeled with ADHD.

4.8 Summary of Findings. KQ1a-d

Table 11 provides a very broad overview of the identified research. Results of the individual
studies are shown in the evidence table in Appendix C, Table C.1.

Table 11. KQ1 summary of findings and strength of evidence for the diagnosis of ADHD

Tests To
Diagnose
ADHD

Outcome Number of Findings Reasons for SoE
Studies; Downgrading
Study
Design; IDs
Sensitivity 7 studies!> Sensitivity ranged from 64% S, | Low
167, 189, 416, 467, (corresponding specificity 75%) for a
559 neuropsychological test'®? to 97%
(corresponding specificity 84%) for an
activity measure*'®
Specificity 6 studies'®> Specificity ranged from 38% S, | Low
167, 189, 331, 416, (corresponding sensitivity 95) using EEG
339 data'® to 91% (corresponding sensitivity
71%) for the Child Behavior Checklist for
ages 1.5 to 5 Attention-
Deficit/Hyperactivity Problems scale3®"
Accuracy 6 studies'®> Accuracy ranged from 64%%” combining | S, | Low
189, 331, 416, 467, different executive function tasks to
559 93%*%%7 combining teacher and parent
ratings, both in a model supported by
machine learning
AUC 7 studies'®” AUC ranged from 0.68"%° using EEG data | S, | Low
189,316,331, 412, to 0.9867 for combined teacher and
416, 467 parent ratings
Rater 1 study'¢’ ICC was 0.92 between researchers C Insufficient
agreement administering the Disruptive Behavior
Diagnostic Observation Schedule'®”
Internal 3 studies'” Cronbach’s alpha 0.92 for parent ratings S, | Low
consistency 467,516 on the DIPA-L5"®
Cronbach’s alpha Behavior Rating
Inventory of Executive Function preschool
version 0.976 for teacher ratings and
0.970 for parent ratings; child version
0.724 for teacher ratings and 0.978 for
parent ratings*6”
Cronbach’s alpha was 0.83 for the K-BDS
in the sample of ADHD children®”
Test-retest 1 study?'¢ ICC 0.91 and Kappa 0.84 for parent C Insufficient
reliability ratings on the Diagnostic Infant and
Preschool Assessment Likert version
(DIPA-L), 30 days or less between
interviews®'®
Misdiagnosis 0 studies No data C Insufficient
consequences
Costs 0 studies No data Cc Insufficient
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Tests To Outcome Number of Findings Reasons for SoE
Diagnose Studies; Downgrading
ADHD Study
Design; IDs
Sensitivity EEG: 9 EEG: Sensitivity ranged from 57% S, | Low
studies!!’ 120 | (corresponding specificity 63%)%*¢ to
172, 245, 351, 370, 100% (corresponding specificity 100%)?4°
397, 408, 546 MRI imaging: Sensitivity ranged from 57%
Imaging: 8 (corresponding specificity 65%)*°° to 99%
studies!'?- 282 | (corresponding specificity 100%)>38"
400, 495, 518, 571, Neuropsychological test with executive
81 function component: Sensitivity ranged
Executive from 41% (corresponding specificity 65%)
function using Conners K test''® to 84%
tests:7 (corresponding specificity 72%) using the
studies!!'» 213 | CCTT?%?
351, 352, 379, 446,
614
Specificity EEG: 9 EEG S, | Low
studies!! 120 | Specificity ranged from 63%
172,245, 351, 370, (corresponding sensitivity 57%)546 to
397, 408, 546 100% (corresponding sensitivity 94-
Imaging: 7 100%)?245 370
studies!®-282 | MRI imaging: Specificity ranged from 55%
400, 495, 518, 571, (corresponding sensitivity 95%)%18 to
381 100% (corresponding sensitivity 100%)"®"
Executive Neuropsychological test with executive
function tests: | function component: Specificity ranged
8 studies'!® from 62% (corresponding sensitivity 63%)
213,284,351, 352, using the BANC*%6 to 94% (corresponding
379, 446, 614 sensitivity 74%) using a combination of
reaction time and visuo-spatial working
memory tests®'*
Accuracy EEG: 15 EEG: Accuracy ranged from 59%%4¢ to S, | Low
Studieslll, 120, 100%245, 494
172,245,312, 351, MRI imaging: Accuracy ranged from 64400
370, 394, 397, 408, to 99_6191
438, 449, 494, 546, Neuropsychological test with executive
641 function component: Accuracy ranged
Imaging: 7 from 65% using components of a test
studies!®-282 | battery developed to assess right
400, 495, 518, 571, hemisphere function?®* to 88 using
581 NCAT351
Executive
function tests:
7 studies'
213,284, 351, 465,
541, 607
AUC EEG: 3 EEG: AUC values ranged from 0.89' to S, | Low

studies!20: 245
312

Imaging: 5
studies!?! 400,
464, 518, 581

Executive

function tests:

2 studies®?
446

1_0245

MRI imaging: AUC ranged from 0.584% to
0.997%81

Neuropsychological test with executive
function component: AUC values ranged
from 0.73 for the Coimbra
Neuropsychological Assessment
Battery*46 to 0.80 for part 2 of the
Children’s Color Trail Test®%?
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Tests To Outcome Number of Findings Reasons for SoE
Diagnose Studies; Downgrading
ADHD Study
Design; IDs
Rater 0 studies No data C Insufficient
agreement
Internal 0 studies No data C Insufficient
consistency
Test-retest 1 study?3 EEG: No data C Insufficient
reliability MRI imaging: No data
Neuropsychological test with executive
function component: test-retest correlation
of 0.81 (p<0.05) for the total test score in
a Tower of London— Drexel
Misdiagnosis 0 studies No data C Insufficient
consequences
Costs 0 studies No data Cc Insufficient
KQ1c (effect Sensitivity N/A Indirect analyses (regression) indicated D Low
modifier) that the setting may be associated with
setting reported results (p 0.03)
KQ1c (effect Specificity N/A Indirect analyses (regression) did not D Low
modifier) indicate that the setting is associated with
setting reported results (p 0.70)
KQ1c (effect Accuracy N/A Indirect analyses (regression) indicated D Low
modifier) that the setting may be associated with
setting reported results (p<0.01)
KQ1c (effect AUC N/A Indirect analyses (regression) did not D Low
modifier) indicate that the setting is associated with
setting reported results (p 0.22)
KQ1c (effect Sensitivity N/A Indirect analyses (regression) indicated D Low
modifier) that the population may be associated
population with reported results (p 0.04)
KQ1c (effect Specificity N/A Indirect analyses (regression) indicated D Low
modifier) that the population may be associated
population with reported results (p<0.001)
KQ1c (effect Accuracy N/A Indirect analyses (regression) indicated D Low
modifier) that the population may be associated
population with reported results (p<0.001)
KQ1c (effect Sensitivity N/A Indirect analyses (regression) did not D Low
modifier) age detect an association (p 0.90, p 0.58)
KQ1c (effect Specificity N/A Indirect analyses (regression) did not D Low
modifier) age detect an association (p 0.35, 0.45)
KQ1c (effect Sensitivity and | N/A Indirect analyses (regression) did not D Insufficient
modifier) specificity detect an association (p 0.80) but the
| gender number of female participants was small
KQ1d (labeling) | Any outcome 0 studies No data C Insufficient

Notes: ADHD = attention deficit hyperactivity disorder, AUC = area under the curve, BANC = Coimbra Neuropsychological
Assessment Battery, C = inconsistency, CCTT = children’s color trails test; D = indirectness, DIPA-L = Diagnostic Infant and
Preschool Assessment Likert version, EEG = Electroencephalogram, I = imprecision, KQ = Key Question, ICC = intraclass
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correlation coefficient, K-DBDS = Kiddie-Disruptive Behavior Disorder Schedule, MRI = magnetic resonance imaging, N/A =
not applicable, NCAT = neurocognitive assessment tool, S = study limitation, SOE = strength of evidence

As documented in the summary of findings table, tests to diagnose ADHD were very diverse,
and studies reported a large range of diagnostic and psychometric performance. Strength of
evidence assessments for this group were low or insufficient for all outcomes. We downgraded
results for study limitation (lack of details on the selected tests, employed machine learning
algorithm used to select variables, and lack of details on the exact variables included in the final
model contributing to the effect estimate), imprecision (large variation in reported diagnostic
performance across studies), and/or lack of replication in more than one study assessing the same
test (i.e., consistency could not be assessed). Few studies were available to diagnose ADHD in
young children. More studies were available for the older children; however, studies did not
report on all outcomes of interest. We downgraded the strength of evidence for study limitations
where the evidence base consisted primarily of studies that provided insufficient detail on the
diagnostic strategy (e.g., which cut offs, which variables exactly entered models). We
downgraded for imprecision where studies reported a large range of possible diagnostic
performance. The strength of evidence for other outcomes was downgraded for the domain
inconsistency because consistency could not be assessed as no replication of the document effect
has been identified.

Effect modifier analyses were hindered by the lack of reported detail needed to assess effects
in meta-regressions. Indirect analyses using simple regression indicated that the diagnostic
setting may influence diagnostic accuracy estimates. Further analyses assessing study population
characteristics (e.g., whether the comparison is to neurotypical developing or was made in
clinical samples) may affect estimates. Given that both aspects (e.g., clinical samples are seen in
specialty care) may be associated with key outcomes for this review, we stratified the test-
specific result presentation by neurotypical or clinical sample.

We did not identify studies reporting on the impact of correctly or incorrectly labeling youth
as having ADHD or the impact of an incorrect diagnosis, and the strength of evidence is
insufficient to make any evidence statements.
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This section describes studies reporting on a treatment of attention deficit hyperactivity
disorder (ADHD). Key points are listed first, followed by a summary of findings section before
going into the effects and comparative effects of specific interventions.

5.1 KQ2, ADHD Treatment Key Points

e We found that several treatment modalities improve core ADHD symptoms compared to
control groups (e.g., placebo). These include medications approved by the Food and Drug
Administration (FDA) and psychosocial interventions with high or moderate strength of
evidence.

e FDA-approved stimulant (e.g., methylphenidate, amphetamine) and non-stimulant (e.g.,
atomoxetine, alpha agonist) medications had the strongest evidence for significantly
improving ADHD symptoms and additional outcomes, including broadband measures and
functional impairment.

e Head-to-head comparisons between stimulants and non-stimulants did not detect statistically
significant differences for most effectiveness outcomes and adverse events.

e We found little evidence that combination therapies of medication plus psychosocial
therapies produce better results than medication alone, but existing research evaluated unique
combinations of intervention components.

e Despite the large body of research, comparative effectiveness and safety information is
limited, and more research is needed to help choose between treatments.

e We did not detect differential treatment effects associated with ADHD presentation, but
analyses were based on indirect comparisons and should be interpreted with caution.

e Data were insufficient to assess the effect of co-occurring disorders on treatment effects.

e We found too few studies reporting on diversion to quantify the risk of diversion of
pharmacological treatment.

5.2 KQ2, ADHD Treatment Results

We identified 312 studies evaluating a treatment for ADHD %% 104-110, 113, 114, 116, 118, 122, 123, 125-
133, 136-139, 144-151, 154-156, 158, 160, 161, 163166, 171, 174-176, 178, 180, 193-196, 199-202, 204-209, 212, 215-217, 219-222, 224-229,

232,235,236, 238-240, 243, 247-250, 252, 254-259, 261, 262, 264-266, 269-273, 275, 278-281, 286, 288-292, 294-296, 302, 304-306, 308, 310,
313,317,318, 320, 321, 324-326, 328-330, 332-335, 337, 341, 343, 345, 348-350, 353, 354, 357, 358, 360, 361, 363, 364, 367, 368, 371-378,
380, 381, 383, 384, 386, 387, 392, 396, 398, 399, 406, 409-411, 414, 418, 419, 425, 426, 428, 430-433, 435, 439-444, 451-461, 466, 471, 472,
474,476, 478, 480, 481, 483-485, 488-490, 492, 497, 503-505, 507-513, 517, 520-523, 525, 526, 529-535, 538-540, 544, 550-552, 554-557, 560-
562, 565, 567-569, 572-575, 577-579, 585, 586, 588-590, 593-598, 601, 602, 604, 606, 608, 610-613, 616-624, 626, 628, 634, 636, 637, 640,

643,643,646 Although studies from 1980 were eligible, the earliest treatment studies meeting
inclusion criteria were published in 1995. Studies were published in 30 different countries,
although about 40 percent were U.S. studies (contributing 127 included studies).

The summary of findings table broadly summarizes the available evidence for the key
outcomes across identified treatment studies.
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Figure 17 plots the followup periods across treatment studies.

Figure 17. Followup in KQ2 ADHD treatment studies
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count
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20 30
Follow up (months)
Notes: ADHD = attention deficit hyperactivity disorder

With few exceptions, studies reported short-term effects.

The potential for risk of bias in Key Question (KQ) 2 studies is documented in Figure 18
The critical appraisal for the individual studies is in Appendix D.

Figure 18. Risk of bias in Key Question 2 ADHD treatment studies
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# Low risk Moderate, Neutral, or Unclear risk = High risk

Notes: ADHD = attention deficit hyperactivity disorder
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Across studies, selection bias was likely present in multiple identified studies. This was
predominantly attributable to highly selected samples and exclusions, or a biased allocation into
groups because of study logistics. The review was open to all studies evaluating intervention in
youth with a ADHD without further limitations, but some included studies reported a number of
additional inclusion and exclusion criteria. Performance bias was noted in half of the included
studies. An example of this kind of bias is that participants deviated from protocol medication
administration (e.g., parents frequently reduced weekend medication use on their own). Attrition
bias was also often noted, with large numbers of participants being unavailable for follow-up
assessments. Detection bias was detected in many studies where blinding was not possible or
would be very difficult and the outcome assessors (often the parents of the participants) were
aware of the participants’ intervention assignment. Reporting bias was also suspected in some of
the studies, usually indicating that the study did not report on key ADHD outcomes, and no study
protocol was published specifying that prospectively. Other sources of bias were identified in a
third of studies, concerning small samples or inadequate descriptions of either the interventions
or study flow.

Figure 19 shows the distribution of KQ2 studies with applicability issues. The applicability
for the individual studies is documented in Appendix D.

Figure 19. KQ2 ADHD treatment applicability rating

Population §
Intervention - A R A TR R R AN R
A T O O O A A A A SRR

g R R SR

15 26 37 48 59 70 81 92 103 114 125 136 147 158 169 180 191 202 213 224 235 246 257 268 279 290 301 312
Number of studies

Comparator

Outcome

Setting &

= Narrow eligibility criteria and exclusion of those with comorbidities .= More complex patients than typical of the community
H Run-in period with high exclusion rate for non-adherence or side effects I DSM-4/5 diagnosis unclear
- Highly selected intervention team or level of training/proficiency not widely available » Co-intervention that are likely to modify monitoring strategies
+ Dosing not reflective of current practice < As recommended or commonly used in practice
Comparator unclear % Inadequate comparison therapy or use of a substandard alternative therapy
11 Other issues = Short-term follow-up
= Surrogate outcomes # Unclear
I1N/A

Notes: ADHD = attention deficit hyperactivity disorder, DSM = Diagnostic and Statistical Manual of Mental Disorders, N/A =
Not applicable

Applicability issues primarily concerned the participant samples in the identified studies.
Some of the samples were less diverse than the typical population seen in clinical practice, often
because of very strict inclusion criteria for the study (e.g., excluding children with co-occurring
disorders). A large number of studies did not report any characteristics that flagged the
comparator or the setting as different from the level of care in the community (listed as not
applicable in the figure).
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The 78 populations studied were predominately males, and some studies (2%) were restricted
to boys; samples included on average a quarter of female participants. The youngest children in
individual studies were three years old. Race and ethnicity demographics were not mentioned in
over half of the studies. For studies that distinguished between ADHD presentations, the most
prevalent type was the combined type.

The following sections summarize the effects of interventions on the key outcomes. This is a
very broad analysis; however, it is an important question whether ADHD characteristics can be
changed at all with interventions. For each section, a narrative summary is followed by a
summary of findings table. Summary tables report on each of the key outcomes. Subgroup
results are only added to the summary tables when a direct or indirect analysis suggested
empirically different results and more than one study contributed to the effect estimate.
Additional information on study-specific primary outcomes are documented in the evidence table
in the appendix.

5.2.1 Effects of ADHD Treatment on Behavior

The results for any achieved changes in problem behavior (e.g., conduct problems) across the
diverse ADHD interventions evaluating a continuous outcome (and reporting sufficient
information to allow effect size calculations) showed a positive effect compared to passive
control groups (standardized mean difference [SMD] -0.34; confidence interval [CI] -0.49, -18;
34 studies, n=3507). There was evidence of heterogeneity (I-squared 66%). We tested whether
the intervention type was a key source of heterogeneity to explain differences in effects; results
indicated that effect estimates for behavior depend on the type of intervention (p 0.04). Analyses
suggested publication bias (Begg p 0.01, Egger p<0.0001), indicating that publication bias
should be considered for individual analyses. We also estimate in a sensitivity analysis whether
the result was mainly driven by high risk-of-bias studies; after removing 13 high risk-of-bias
studies, the estimate was similar (SMD -0.32; CI -0.48, -0.17). Across studies, only three studies
were identified reporting on categorical outcomes (e.g., assessing whether or not behavior had
improved). Results indicated reductions in problematic behavior associated with ADHD
treatment (RR [relative risk] 0.46; CI 0.24, 0.87; 3 studies, n=154). In this small set of studies,
there was no evidence of heterogeneity or publication bias. None of the studies was classified as
high risk.

5.2.2 Effects of ADHD Treatment on Broadband Measures

The results for broadband scales describing a child’s behavior more generally showed
positive effects of ADHD interventions (SMD 0.39, CI1 0.31, 0.47; 72 studies, n=9027). There
was evidence of heterogeneity (I-squared 68%). We tested whether the intervention was the key
source of heterogeneity to explain differences in effects, but we did not detect an effect (p 0.29).
There was no evidence of publication bias. We removed 25 high risk-of-bias studies in a
sensitivity analysis, but the effect estimate remained similar (SMD 0.42, CI 0.33, 0.52). Multiple
studies also reported on these global impressions as categorical variables and the effect was
similar for the categorical broadband measures, indicating improvement associated with ADHD
treatment (RR 0.57; CI 0.48, 0.66; 40 studies, n=6033). There was evidence of heterogeneity (I-
squared 81%). We tested whether the intervention was the key source of heterogeneity to explain
differences in effects, but we did not detect a systematic effect (p 0.34). There was evidence of
publication bias (Begg p 0.01, Egger p<0.001) and an alternative estimate using the trim and fill
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method showed a somewhat smaller effect (RR 0.64; CI 0.55, 0.75). We also conducted a
sensitivity analysis to determine whether results are robust when removing six high risk-of-bias
studies; the estimate was very similar to the original results (RR 0.57; CI 0.48, 0.68).

5.2.3 Effects of ADHD Treatment on ADHD Symptoms

A large number of studies reported on standardized symptom assessment tools. Standardized
mean difference results across studies using continuous data found a positive effect of
interventions successfully reducing ADHD symptom severity (SMD -0.47, CI -0.54, -0.40; 150
studies, n=18746). There was evidence of heterogeneity (I-squared 80%). We tested whether the
intervention was the key source of heterogeneity to explain differences in effects and found that
the reported effect size was not systematically associated with the type of intervention evaluated
(p 0.13). There was some indication of publication bias (Begg p 0.09, Egger, p 0.02), but an
alternative effect estimate using the trim and fill method found a very similar estimate
SMD -0.47; CI -0.55, -0.40). Excluding 49 high-risk-of-bias studies in a sensitivity analysis
resulted in a similar estimate (SMD -0.47, CI -0.55, -0.38) and heterogeneity was not reduced. A
smaller number of studies reported on a dichotomous outcome for ADHD symptoms (e.g.,
meeting or not meeting an improvement target). Across studies, we found a positive effect of
ADHD interventions (RR 1.51, CI 1.23, 1.84; 26 studies, n=3289). We detected heterogeneity (I-
squared 67%), but a moderator analysis did not detect the intervention as a source of
heterogeneity (p 0.18). There was evidence of publication bias (Begg p<0.004, Egger p<0.001).
A more appropriate estimate of the true effect on symptom reduction may be somewhat smaller
(RR 1.31, CI 1.06, 1.60). We also removed four high-risk of bias studies in a sensitivity analysis
which showed the treatment effect to be robust (RR 1.58, CI 1.24, 2.00) but heterogeneity was
not reduced.

5.2.4 Effects of ADHD Treatment on Functional Impairment

The results for functional impairment measures across the diverse interventions in studies
reporting on a continuous outcome found a positive effect of ADHD interventions on functional
impairment (SMD 0.37; CI1 0.20, 0.54; 31 studies, n=3890). There was evidence of heterogeneity
(I-squared 82%). We tested whether the intervention was the key source of heterogeneity to
explain differences in effects, but we did not detect a systematic effect (p 0.88). There was no
significant publication bias. When removing 11 high-risk of bias studies in a sensitivity analysis,
the estimate remained similar (SMD 0.40; CI 0.17, 0.62) and heterogeneity was not reduced.
Very few studies reported on functional impairment as a categorical variable, and only one study
reported sufficient information to compute effect sizes. The study indicated improvement, but the
confidence interval was wide (RR 1.29; CI 1.00, 1.66; 1 study, n=332).

5.2.5 Effects of ADHD Treatment on Acceptability of Treatment

Only one study assessed treatment acceptability formally in a rating scale for all groups and
reported sufficient detail to compute effect sizes; the study did not find a statistically significant
difference between groups (SMD 0.19; CI-0.12, 0.49; 1 study, n=164). One study reported
categorical data to express satisfaction with the treatment; the study favored the intervention (RR
0.47; C10.32, 0.68; 1 study, n=198). There were insufficient data for further analyses.
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5.2.6 Effects of ADHD Treatment on Academic Performance

The results for academic performance changes reported in sufficient detail across the diverse
interventions favored ADHD treatment arms, but we did not detect a statistically significant
difference between ADHD treatment and passive control groups on academic performance
(SMD -0.29; CI -0.62, 0.03; 12 studies, n=1780). There was evidence of heterogeneity (I-squared
88%). We tested whether the intervention was the key source of heterogeneity to explain
differences in effects, but the intervention type did not systematically contribute to the
heterogeneity of effects (p 0.10). Publication bias tests did not indicate potential bias. Removing
two high risk-of-bias studies in a sensitivity analysis showed a smaller effect, and the difference
between groups remained not statistically significant (SMD -0.29; CI -0.69, 0.10). None of the
studies comparing to a control group reported on a categorical outcome in sufficient detail to
allow effect size calculation.

5.2.7 Effects of ADHD Treatment on Appetite Changes

We identified several studies that reported on a continuous measure to capture appetite
changes or growth suppression. Across ADHD interventions, analyses indicated an effect on
appetite suppression in studies reporting continuous outcomes (SMD 0.41; C10.01, 0.82; 11
studies, n=1321). Heterogeneity was high (I-squared 90%). The type of intervention was one
source of heterogeneity, as indicated in a meta-regression (p 0.02). There was no evidence of
publication bias. Removing two high-risk-of-bias studies in a sensitivity analysis found a similar
point estimate (SMD 0.46; CI -0.05, 0.97) and heterogeneity was not reduced. Across all ADHD
interventions, ADHD treatment was associated with decreased appetite compared to control
group participants (RR 2.77; CI 2.21, 3.46; 66 studies, n=9508). A large number of studies and
participants contributed to the results, and while many individual interventions did not detect
statistically significant effects for this rare event, the data aggregation across studies shows a
statistically significant effect. Heterogeneity was not remarkable (I-squared 53%). We tested
whether the intervention type explained some of the heterogeneity and found evidence that this
was the case (p 0.002). It should be noted that adverse events generally were more systematically
reported in drug studies, and this outcome in particular was usually only reported in studies
evaluating a pharmacological component; hence the analysis of the source of heterogeneity
should be interpreted with caution. There was some evidence of publication bias (Egger p 0.01,
Begg p<0.001). The alternative estimate of the effect using the trim and fill method to account
for unpublished studies was somewhat smaller (RR 2.21; CI 1.74, 2.80). We also conducted a
sensitivity analysis removing nine high risk-of-bias studies; the resulting estimate suggested an
even stronger effect (RR 3.01; CI 2.38, 3.80) and heterogeneity was reduced further.

5.2.8 Effects of ADHD Treatment on Number of Participants With
Adverse Events

Several identified studies reported on the number of participants experiencing at least one
adverse event. Across ADHD interventions, participants undergoing active ADHD treatment
were more likely to report adverse events than control group participants (RR 1.26; CI 1.19,
1.33; 64 studies, n=9632). We did not detect notable heterogeneity in this analysis (I-squared
59%). An analysis of the intervention as a potential source of heterogeneity indicated that the
type of intervention was associated with the reported effect estimate (p<0.0001). There was no
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evidence of publication bias. Removing 11 high risk-of-bias studies in a sensitivity analysis did
result in a similar point estimate (RR 1.25; CI 1.18, 1.33) and heterogeneity estimates were
unchanged.

5.3 Effects by Intervention

The identified interventions were very diverse and addressed ADHD treatment in very
different ways. In addition, exploring heterogeneity across studies indicated that for several key
outcomes the type of intervention that was evaluated is a key source explaining variation in
effect estimates. Hence, we broadly differentiated different types of interventions:

e (Combined pharmacological and youth-directed psychosocial treatment
FDA-approved pharmacologic treatment
Other pharmaceutical agents
Y outh-directed psychosocial treatment
Cognitive training
Neurofeedback
Neurostimulation
Physical exercise
Nutrition and supplements
Complementary, alternative, and integrative medicine
Parent support
School interventions
Provider intervention

These intervention categories provide broad clusters for analyses. The scope of each
intervention category is described in detail in each intervention section. In addition to
categorizing the type of intervention, we noted whether the intervention was tested as an ‘add-
on,’ i.e., it was given in addition to and concurrently with stimulant medication. In these studies,
the intervention as well as the control group received stimulants while the intervention group was
given an additional intervention component.

The following provides an overview of the available studies for each intervention category,
together with a summary of the effects of the interventions on outcomes. Each section starts
broad, addressing a broad question associated with the intervention class, such as whether
medication can improve outcomes at all compared to a concurrent control group or an active
comparator. Each section then explores empirically whether subgroups of interventions were
associated with different treatment effects. Finally, each study addresses a unique research
question with a relatively unique intervention. Throughout the report, forest plots show not only
the results across studies, but document also the results of each individual study. The study ID
(author, publication year, unique identifier) is shown in the list of included studies in the
appendix together with the full citation for the main publication of the study. In addition,
intervention characteristics for particularly successful interventions are described in more detail
in the text. We also refer the reader to the appendix, where for each included study a narrative
summary of the results for all key outcomes are documented in a comprehensive evidence table.
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5.3.1 Combined Pharmacological and Youth-Directed Psychosocial
Treatment

We identified 11 eligible treatment studies that evaluated a combination of pharmacological
intervention and youth-facing nonpharmacological psychosocial therapy.!?7- 201 216,275, 343,357, 474,
497, 560, 589, 597 The behavioral or psychological treatment had to be directed at the participating
children and adolescents in order to be included in this treatment category. Studies assessing the
effect of parental training in combination with medication are reported in the parent intervention
section. The earliest identified set of studies were those published from the National Institute of
Mental Health Multimodal Treatment Study of Children with ADHD (MTA), which dates to
1999°® that has been reported thus far in 73 articles, as shown in the evidence table. Studies
were published in six countries but half of the identified combined pharmacological and
behavioral studies were conducted in the United States, ! 275 343, 497. 1163

The populations studied were predominately males and the proportion of girls ranged from
seven to 26. Studies included children and adolescents between the ages of five and 18. Evidence
of intellectual disability (i.e., full-scale IQ < 70) was exclusionary in all studies, and most studies
required full-scale IQ scores of 80 or higher. Half of the studies allowed participants to be
included if they had prior exposure to stimulant treatment for ADHD, whereas the remaining
studies required participants to be stimulant naive, or else it was unclear what their inclusion
criteria were regarding prior treatment with stimulant medication. For studies that distinguished
between ADHD presentations (i.e., ADHD-combined type, ADHD-inattentive type, and ADHD-
hyperactive/impulsive type), the most prevalent type (ranging from 54%°°! to 88%>* of the
ADHD participants) was the ADHD-combined presentation. In most studies, children were
allowed to have common co-occurring conditions such as oppositional defiant disorder, conduct
disorder, or dyslexia/learning disorder, but more severe neurodevelopmental conditions such as
autism were exclusionary in this subarea of studies. Most studies reported at least some general
information regarding the racial/ethnic makeup of their sample; on average, children of
Caucasian/European ancestry comprised two thirds of sample makeup, a third were Hispanic or
Latino, and a smaller percentage were African American.

The pharmacological treatment components employed in the studies were predominantly
short- or long-acting stimulants (such as methylphenidate and amphetamine)?°!: 237 343-497 o else
the non-stimulant medication atomoxetine.?'® Behavioral treatment components varied in
approach and complexity. Four studies evaluated cognitive behavioral therapy?°!- 216 497. 560
three described multi-modal psychosocial treatments.'%”- 333343 One study each evaluated a
behavioral and social skills class;*® one a complex intervention with brief early intervention,
parent component, and cognitive behavioral therapy for adolescents,?’> one a humanistic
intervention,*’* and one a solution-focused approach.®’ Studies compared most frequently to
pharmacology treatment alone, rather than no treatment or placebo. These “add-on” trials, where
one group receives an additional intervention, predominantly evaluated whether the combination
treatment was superior to the medication intervention that all participants received.

Studies reported a variety of often study-specific outcomes. In terms of pre-specified key
outcomes, symptom scores were most frequently reported.

Three studies reported on changes in a specific problem behavior, but they reported different
effect estimates and could not be combined into a meaningful summary estimate shown by the
large confidence interval; none detected statistically significant difference between the
intervention and a control group (SMD -1.28; CI -7.56, 5.00; 3 studies, n=329).197-275:34 Ty of

and
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the identified studies reported long-term effects, but they reported very small effects with
conflicting direction of effects (SMD 0.04; CI -2.15, 2.20).107-343
Studies reporting on broadband measures are shown in Figure 20.

Figure 20. Effects of combined pharmacological and youth-directed psychosocial treatment on
broadband measures (SMD)

Abikoff, 2004{#14875} '——-—- 0.27 [-0.21, 0.75]
Coelho, 2017{#4145} ——-— 0.10 [-0.40, 0.61]
Sprich, 2016{#261} 1.00[0.37, 1.63]
RE Model :—: 0.42 [-0.72, 1.56]
| | I I I |
05 0 05 1 15 2

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, RE = random effects, SMD = Standardized Mean Difference

Across studies, we found no systematic difference between intervention and control groups
(SMD 0.42; CI1-0.72, 1.56; 3 studies, n=171), but it should be noted that all studies included in
this analysis compared to the medication component of the combined intervention (i.e., control
participants received one of the two intervention components). The included studies evaluated
different interventions (multimodal psychosocial treatment plus methylphenidate;'?” group
cognitive behavioral therapy (CBT) plus methylphenidate;*°! and individual CBT plus FDA-
approved medication®®’) and compared to medication alone. The analysis detected some
heterogeneity (I-squared 62%). There was no indication of publication bias. All three studies
were judged to be high risk of bias. A study reporting on a categorical outcome also found no
difference between studies (RR 0.85; CI1 0.54, 1.36; 1 study, n=227).*7 Only one of the studies
reported a long-term outcome; the effect of the intervention was not statistically significant
(SMD 0.27; CI-0.21, 0.75).1%7

Studies reporting on ADHD symptom scales are shown in the next forest plot (Figure 21).
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Figure 21. Effects of combined pharmacological and youth-directed psychosocial treatment on
ADHD symptoms (SMD)

Abikoff, 2004{#14875) —_— -0.20 [-0.68, 0.27]
David, 2021{#7107} -0.26 [-0.87, 0.36]
Jensen, 2007{#16987} —a 0.11[-0.36, 0.15]
Riggs, 2011{#17098} — 0.04 [-0.18, 0.27]
Sprich, 2016{#261} -0.78 [-1.40, 0.16]
Tutty, 2003(#27367) — . -1.05 [-1.48, -0.62]
van der Oord, 2007{# 27368} -0.42 [-1.01, 0.17]
RE Model ——_— -0.36 [-0.73, 0.01]
| | | i |
A5 - 05 0 0.5

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, RE = random effects, SMD = Standardized Mean Difference

Studies did not identify a statistically significant effect of superiority of the combined
pharmacological and psychological treatment versus control (SMD -0.36; C1-0.73, 0.01; 7
studies, n=841). However, the pooled effect was very close to being statistically significant and
several of the individual studies reported positive (although not necessarily statistically
significant) effects. The strongest effects were reported for a behavioral and social skills
functioning class for children and their parents,*® and for cognitive behavioral therapy with
adolescents®® in another study. Additionally, when interpreting the results of combined
pharmacological and behavioral interventions, it should be noted that the control groups against
which the intervention is compared consisted of groups that received the pharmacological
intervention component alone rather than no intervention. Hence, the analysis was typically a
type of comparative effectiveness analysis rather than a pure effectiveness analysis against a
passive comparator. There was some indication of statistical heterogeneity (I-squared 76%). The
analysis did not detect publication bias. Removing four high-risk of bias studies in a sensitivity
analysis did not result in a different effect estimate, and the effect was also not statistically
significant (SMD -0.35; CI-1.80, 1.10). Only the MTA study reported on a long-term outcome
(36 months, SMD -0.11; CI -0.36, 0.15).>* The study did also not detect a difference between
the combined and medication alone group at post-intervention for ADHD symptoms (inattention
teacher ratings at 14 months, SMD 0.01; CI -0.23, 0.26) and using this alternative estimate for
the MTA study did also not detect a statistically significant effect of the combined treatment
across all studies (SMD -0.34; CI -0.73, 0.04). The next forest plot (Figure 22) shows studies
reporting on a categorical symptom assessment.
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Figure 22. Effects of combined pharmacological and youth-directed psychosocial treatment on
ADHD symptoms (RR)

Abikoff, 2004{#14875} — - 5.00 [0.63, 39.79]
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Studies did not identify a statistically significant treatment effect in the categorical outcome
either (RR 1.35; CI 0.63, 2.86; 3 studies, n=155) that would suggest superiority of the combined
treatment compared to medication alone. There was no indication of heterogeneity in this small
set of studies and further analyses were not possible due to the small number of studies. Of these,
two studies reported on outcomes of 12 months or more; because effect estimates differed
widely, no meaningful summary estimate could be derived (RR 1.72; CI 0.00, 2038).107-474

Studies reporting on functional impairment reported conflicting results and no meaningful
summary estimate could be derived due to wide confidence intervals (SMD 0.02; CI -2.54, 2.56;
2 studies, n=261). Heterogeneity was negligible, but the number of studies was small and no
further analyses could be conducted. The estimate included the MTA study that reported a long-
term effect of the intervention (36 months, SMD 0.11; CI-0.14, 0.36, 14 months SMD -0.05; CI
-0.38, 0.27).

The MTA study also reported on an academic performance measure and did not detect a
statistically significant effect (36-months SMD -0.12; CI -0.37, 0.13; 1 study, n=243; 14 months
SMD -0.10; CI -0.34, 0.14).3** No other study reported on academic performance. We did not
identify studies reporting on treatment satisfaction.

One study reporting on appetite suppression that reported sufficient data for effect size
calculation found no difference between groups, where both received atomoxetine (RR 0.93; CI
0.29, 3.03; 1 study, n=29).2!¢ The MTA reported that after 14 months, children treated with
methylphenidate had gained less height and less weight (-1.23 cm per year and -2.48 kg per year)
than untreated children®®” and follow up into young adulthood within naturalistic subgroups of
ADHD cases showed that extended use of medication was associated with suppression of adult
height.’*

One identified study reported on the number of participants experiencing adverse events and
documented one hospitalization, but the outcome was considered unrelated to the study and there
was no systematic difference between groups (RR 3.00; CI 0.13, 68.57; 1 study, n=32).27

70



5. Results: Treatment of ADHD

5.3.1.1 Combined Pharmacological and Youth-Directed Psychosocial

Treatment Summary of Findings

Table 12 shows the findings for all key outcomes of interest, together with the number of
studies reporting on the outcome and study identifiers. The findings column shows the pooled
estimate across studies. Not all studies reporting on the outcomes of interest contributed to each
pooled estimate (e.g., because they did not report sufficient detail to allow effect size
calculations). Results of individual studies are documented in the evidence table in the appendix
and, for each study and outcome, results are summarized in a narrative summary (including
results for the key outcomes that provided insufficient detail for effect size calculations).

Table 12. KQ2 summary of findings and strength of combined pharmacological and youth-directed
sychosocial treatment

Intervention Outcome Number of Findings Reasons for SoE
and Studies; Downgrading
Comparison Study
Design and
IDs
KQ2 combined | Behavior 3 RCTs!?%:275. | No systematic difference but no | Insufficient
treatment vs 343 meaningful summary estimate
control could be derived (SMD 1.28;
(individual Cl -7.56, 5.00; 3 studies, n=329)
component or
usual care)
KQ2 combined | Broadband 4 RCTs!07.20L, | No systematic difference (SMD | Low for no
treatment vs measures 497, 560 0.42; Cl-0.72, 1.56; 3 studies, difference
control n=171; RR 0.85; Cl 0.54, 1.36; 1
(individual study, n=227)
component or
wait list)
KQ2 combined ADHD 8 RCTs!%:216. | No systematic difference S, | Low for no
treatment vs symptoms 343, 474, 497, 560, (SMD -0.36; CI -0.73,0.01; 7 difference
control 589, 597 studies, n=841; RR 1.35; Cl| 0.63,
(individual 2.86; 3 studies, n=155)
component,
usual care, or
wait list)
KQ2 combined Functional 2 RCTs?>33 | No systematic difference (SMD S, | Insufficient
treatment vs impairment 0.02; Cl -2.51, 2.56; 2 studies,
control n=261)
(individual
component or
usual care)
KQ2 combined Acceptability | O studies No data C Insufficient
treatment vs of treatment
control
KQ2 combined Academic 1 RCT* No systematic difference S, C Insufficient
treatment vs performance (SMD -0.12; C1 -0.37, 0.14; 1
usual care study, n=243)
KQ2 combined | Appetite 2 RCTg?!6:343 No systematic difference (RR | Insufficient
treatment vs suppression 0.93; CI1 0.29, 3.03; 1 study, n=29)
control
(individual
component or
usual care)
KQ2 combined | Participants | 1 RCT?” No systematic difference (RR C Insufficient
treatment vs no | with adverse 3.00; C1 0.13, 68.57; 1 study,
intervention events n=32)
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5. Results: Treatment of ADHD

Notes: ADHD = attention deficit hyperactivity disorder, C = inconsistency, CI 95% = confidence interval, I = imprecision, KQ =
Key Question; RCT = randomized controlled trial, RR = relative risk, S = study limitation, SMD = standardized mean
differences, SoE = strength of evidence

The summary of findings table above generally shows little support that a treatment modality
comprising combined medication and youth-directed psychosocial treatment as superior to
control groups receiving mono-therapy (typically medication alone). For multiple outcomes we
found very few or no studies to determine intervention effects. We downgraded the strength of
evidence for functional impairment, academic performance, and adverse events to insufficient
due to study limitation and inconsistency (downgraded by 2 given that consistency could not be
determined as only one study has reported on the outcome to date). The strength of evidence for
symptom improvement was downgraded for imprecision (the result was not statistically
significant but the confidence interval was very close to including a positive effect for the
combined intervention).

5.3.2 FDA-Approved Pharmacologic Treatment

We identified 106 studies evaluating a pharmacological intervention approved by the FDA
for the treatment of ADHD. 108 109, 118,127, 131-133, 137, 144, 145, 154, 161, 164, 175, 193-196, 202, 205, 207, 217, 220, 224-
226, 235, 247-250, 270-273, 281, 286, 288, 289, 292, 305, 306, 317, 321, 326, 337, 341, 348, 361, 373, 374, 376, 378, 380, 381, 383, 387, 414,
418,419, 425, 431, 432, 442, 452-455, 459-461, 481, 504, 511, 512, 525, 526, 538540, 554-557, 561, 568, 573, 575, 588, 598, 604, 608, 610-

612, 616-619, 621-623, 626, 634, 645 AJthough studies from 1980 were eligible, the earliest studies meeting
inclusion criteria were published in 1995.5*° Evaluations were published in 16 different countries
(and some were conducted in multiple countries) but 60 percent of the research was U.S.-based.
Although the reported percent of female participants ranged from under one percent to 56
percent, samples were predominantly male. The age minimum varied, but across all identified
studies, only four studies included young children three to five years old.'% 14 271.378 Stydies
varied in whether they required participants to be drug naive at study beginning, while others
allowed concomitant medication even during the study. The identified studies included some that
explicitly tested adjunctive medication to augment stimulant treatment, 104 107. 257 373, 474, 488, 598, 622
Studies included different presentations of ADHD. Where reported, the combined presentation
was most common in studies, on average representing two thirds of the sample. While ADHD
participants with co-occurring disorders were not excluded from most of the studies, only a few
studies purposely included specific co-occurring disorders, including oppositional defiant
disorder or conduct disorder,?07-220-226:432.623 Toyrette syndrome or tic disorder, ! 380. 540,356 op
learning disabilities.>?® >* Demographics were often not reported, but where studies described a
breakdown by race or ethnicity, on average about 75 percent of children were White, about 15
percent Black, less than ten percent Hispanic, and about one percent were described as Asian.

Studies evaluated stimulants and non-stimulants, either alone or in combination.
Interventions included the stimulant classes methylphenidate and amphetamine, and the non-
stimulant classes norepinephrine reuptake inhibitor (NRI) and alpha agonists. Studies evaluated
different methylphenidate hydrochloride formulations, including immediate, extended, and
multilayer release formulations, methylphenidate osmotic-release oral system, and
methylphenidate transdermal patch. Studies evaluated different amphetamine formulations,
including amphetamine and dextroamphetamine mixed salts and lisdexamfetamine dimesylate.
The NRI studies evaluated atomoxetine or extended-release viloxazine. The alpha agonist studies
evaluated extended-release clonidine or extended-release guanfacine. The most commonly
evaluated single medication was atomoxetine in the identified studies.
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Of the identified studies, the majority reported on the comparison to a control group not
receiving the evaluated pharmacological treatment, and the large majority used a placebo to blind
participants to the intervention allocation. Several studies provided methylphenidate as base
treatment for the intervention and control group. Half of the identified studies reported on the
effects of an alternative intervention, for example a different dose of the same medication or a
different medication.

The following shows the effects of FDA-approved medication as a group of interventions
given that whether or not subjecting children to regular medication use is a key question for
parents, regardless of the pharmacological composition of the specific medication. The section is
followed by a comparative effectiveness section to determine whether there are systematic
differences between medication combinations (stimulants plus non-stimulants), the medications
categories (stimulant or non-stimulant), drug classes (methylphenidate, amphetamine, NRIs, and
alpha agonists), or individual medications (e.g., methylphenidate hydrochloride extended release,
amphetamine and dextroamphetamine mixed salts, atomoxetine, or clonidine etc.).

Studies most frequently reported on ADHD symptom scale scores. Studies that reported on a
control group with sufficient detail to allow effect size calculations for individual behavior
changes (not already captured in broadband or symptom score measures) are shown in Figure 23.
The forest plot is ordered by broad category (non-stimulant or stimulant), drug class
(methylphenidate, amphetamine, NRIs, and alpha agonists, followed by the specific drug
evaluated in the study (e.g., guanfacine).
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Figure 23. Effects of FDA-approved pharmacologic ADHD treatment on behavior (SMD)

Hazell, 2003{#14216} NS-ALA-CLON : . | -0.31[-0.80, 0.17]
Eli Lilly, 2006{#13928} NS-NRI-ATX —.— -0.48 [-0.84, -0.12]
Michelson, 2001{#17979} NS-NRI-ATX ———— -0.92 [-1.24, -0.60]
Newcorn, 2008{#17455} NS-NRI-ATX =~ ———@——— -0.80 [-1.17, -0.43]
Diamond, 1999{#24378} S-MPH-IR : | -0.31[-0.95, 0.33]
RE Model —~eensiiiiNNNn-— -0.62 [-0.97, -0.27]
[ [ [ [ |
15 -1 05 0 05

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, FDA = Food and Drug Administration, NS-NRI-ATX atomoxetine, NS-
ALA-CLON clonidine, RE = random effects, S-MPH-IR immediate release methylphenidate, SMD = Standardized Mean
Difference

Across studies, pharmacological interventions were associated with significant improvements
in individual problem behaviors (SMD -0.62; CI -0.97, -0.27; 5 studies, n=561). The minimum
age in the included studies was six years old. There was little evidence of heterogeneity (I-
squared 45%). There was no indication of publication bias and none of the RCTs were judged to
be high risk of bias. We identified one study reporting on a categorical variable based on a
behavior measure and providing sufficient detail to allow effect size computation. The identified
study evaluated the alpha-agonist clonidine adjunctive to psychostimulant medication®?'); the
study reported positive results (RR 0.36; C1 0.17, 0.78; 1 study, n=66).

Multiple studies reported on a broadband measure (see key outcome section) describing the
children’s potential improvement on broader dimensions than specific ADHD symptoms, as
shown in Figure 24.
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Figure 24. Effects of FDA-approved pharmacologic ADHD treatment on broadband measures
(SMD)

Concordia, 2011{#13782} NS-ALA-CLON | ——=—— 0.40[0.06, 0.74]
Kollins, 2011{#17125} NS-ALA-CLON e 0.42[0.13, 0.70]
Sallee, 2009{#17319} NS-ALA-GXR —_— 0.32 [-0.12, 0.75]
van Stralen, 2020{#335} NS-ALA-GXR P ——— 0.71[0.29, 1.12]
Bangs, 2008{#24404} NS-NRI-ATX —— 0.30[0.02, 0.59]
Dell'Agnello, 2009{#17394} NS-NRI-ATX | ——s— 0.70[ 0.29, 1.10]
Eli Lilly, 2004{#13893} NS-NRI-ATX —_— 0.90[0.49, 1.31]
Eli Lilly, 2006{#13928} NS-NRI-ATX : —_ 1.03[0.65, 1.41]
Gau, 2007{#17568} NS-NRI-ATX ; —_ 0.83[0.38, 1.28]
Geller, 2007{#18394} NS-NRI-ATX D o—a— 0.43[0.13,0.73]
Kelsey, 2004{#24395} NS-NRI-ATX Do 0.49[0.18, 0.80]
Martenyi, 2010{#17245} NS-NRI-ATX —— 0.420.00, 0.83]
Michelson, 2002{#17933} NS-NRI-ATX L —— 0.60[0.29, 0.91]
Montoya, 2009{#17348} NS-NRI-ATX P 0.58 [ 0.24, 0.93]
Newcorn, 2008{#17455} NS-NRI-ATX e 0.43[0.17, 0.70]
Spencer, 2002{#24394} NS-NRI-ATX o 0.57 [ 0.24, 0.90]
Spencer, 2002{#28632} NS-NRI-ATX P 0.61[0.22, 0.99]
Spencer, 2008{#18353} NS-NRI-ATX e 0.36 [-0.01, 0.72]
Svanborg, 2009{#17314} NS-NRI-ATX ; —_ 0.99[0.57, 1.41]
Weiss, 2005{#18388} NS-NRI-ATX P 0.48[0.10, 0.86]
Nasser, 2020{#259} NS-NRI-VLX P 0.43[0.21, 0.65]
Nasser, 2021{#3004} NS-NRI-VLX P 0.42[0.14, 0.71]
Nasser, 2021{#3054} NS-NRI-VLX Po—a— 0.51[0.23, 0.79]
Banaschewski, 2013{#14417} S-AMPH-LDX —— 1.2410.94, 1.53]
Brams, 2018{#514} S-AMPH-MAS : —— 0.66 [ 0.42, 0.91]
Mattingly, 2020{#3060} S-AMPH-MAS ———=——— 0.10 [-0.32, 0.52]
Abikoff, 2007{#18292} S-MPH-IR — 0.72[0.34, 1.10]
Findling, 2008{#19232} S-MPH-TP : —a— 0.620.33, 0.92]
RE Model <> 0.57 [ 0.48, 0.67]
[ [ I I I 1
05 0 0.5 1 15 2

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, FDA = Food and Drug Administration, NS-ALA-CLON = clonidine,
NS-ALA-GXR = guanfacine, NS-NRI-ATX = atomoxetine, NS-NRI-VLX = viloxazine, S-AMPH-LDX = lisdexamfetamine
dimesylate, S-AMPH-MAS = mixed amphetamine salts, S-MPH-IR = immediate release methylphenidate, S-MPH-TP =
methylphenidate transdermal patch, RE = random effects, SMD = Standardized Mean Difference

Across studies, pharmacological treatment was associated with a systematic benefit on
broadband scale assessments compared to control (SMD 0.57; CI 0.48, 0.67; 28 studies,
n=4467). Only one study included children younger than six years old.!” Studies assessed
different medication regimes but analyses detected little heterogeneity (I-squared 50%). Large
effects were reported in studies evaluating lisdexamfetamine dimesylate,'*! atomoxetine,?*3
methylphenidate,'?” and extended-release guanfacine added to usual care stimulant therapy,>*®
respectively. There was no evidence of publication bias. Removing six high-risk-of-bias RCTs in
a sensitivity analysis found a smaller but also significant effect estimate (SMD 0.53; CI 0.38,
0.69), indicating that the documented treatment effect is not mainly based on biased studies.
Multiple studies reported on broadband scale as a categorial outcome (e.g., criteria for
improvement met or not) as shown in Figure 25.
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Figure 25. Effects of FDA-approved pharmacologic ADHD treatment on broadband measures (RR)

TS SG, 2002{#17966} NS-ALA-CLON+S-MPH-ER —— 0.44[0.28, 0.71]

Biederman, 2008{#17495} NS-ALA-GXR —a— 0.48 [0.29, 0.80]
Hervas, 2014{#19229} NS-ALA-GXR —— 0.66 [0.52, 0.85]
Kollins, 2011{#17124} NS-ALA-GXR —— 0.62 [0.42, 0.90]
McCracken, 2016{#13198} NS-ALA-GXR HIH 0.8910.78, 1.02]
Newcorn, 2016{#13247} NS-ALA-GXR —— 0.65 [0.49, 0.86]
Sallee, 2009{#17319} NS-ALA-GXR —— 0.54 [0.40, 0.71]
Wilens, 2012{#19257} NS-ALA-GXR I—I—| 0.80[0.68, 0.96]
Wilens, 2015{#19233} NS-ALA-GXR I—I—| 0.72 [0.55, 0.93]
Block, 2009{#19273} NS-NRI-ATX —a—i 0.66 [0.46, 0.94]
Kratochvil, 2011{#19239} NS-NRI-ATX I—I—'l 0.55[0.29, 1.03]
Montoya, 2009{#17348} NS-NRI-ATX n—-—t 0.64 [0.42, 0.99]
Prasad, 2007{#17526} NS-NRI-ATX —a— 0.40 [0.24, 0.66]
Coghill, 2014{#14575} S-AMPH-LDX —— : 0.25[0.15, 0.42]
Spencer, 2006{#15089} S-AMPH-MAS —a— 0.42 [0.26, 0.68]
Childress, 2009{#27156} S-MPH-DEX —a— 0.2910.18, 0.47]
Greenbhill, 2006{#17665} S-MPH-DEX e | 0.20 [0.09, 0.43]
Wigal, 2004{#15041} S-MPH-DEX e 0.31]0.17, 0.58]
Simonoff, 2013{#14570} S-MPH-ER ' i : 0.18 [0.07, 0.48]
Weiss, 2021{#13544} S-MPH-ER —a— 0.60 [0.40, 0.89]
Abikoff, 2007{#18292} S-MPH-IR |—-—-—| 0.62 [0.27, 1.44]
Findling, 2011{#17155} S-MPH-LDX —— 0.5210.38, 0.70]
Wolraich, 2001{#15145} S-MPH-OROS —— ; 0.36 [0.22, 0.60]
Findling, 2008{#19232} S-MPH-TP —— 0.34 [0.16, 0.74]
Findling, 2010{#17270} S-MPH-TP —— 0.47 [0.32, 0.67]
RE Model - 0.51[0.43, 0.60]
| | | I |
0.05 0.14 0.37 1 2.72
Relative Risk

Notes: ADHD = attention deficit hyperactivity disorder, FDA = Food and Drug Administration, NS-ALA-CLON = clonidine,
NS-ALA-GXR = guanfacine, NS-NRI-ATX = atomoxetine, RR = relative risk, S-AMPH-LDX = lisdexamfetamine dimesylate,
S-AMPH-MAS = mixed amphetamine salts, S-AMPH-DEX = dexmethylphenidate, S-MPH-LDX = lisdexamfetamine, S-MPH-
OROS = osmotic-release oral system methylphenidate, S-MPH-TP = methylphenidate transdermal patch, RE = random effects,

Across studies, results also indicated that pharmacological ADHD treatment was associated
with a benefit in outcomes compared to control (RR 0.51; CI 0.43, 0.60; 25 studies, n=3959).
Only two studies included children younger than 6 years old.!”*7® Analyses detected some
heterogeneity (I-squared 75%). There was evidence of publication bias (Begg p<0.001, Egger
p<0.001) and an alternative estimate using the trim and fill method suggested a somewhat
smaller effect (RR 0.62; CI1 0.52, 0.74). When excluding six high-risk-of-bias RCTs in a
sensitivity analysis, effect estimates were similar to the original effect (RR 0.49; CI 0.40, 0.59)
and heterogeneity was not reduced (I-squared 80%). All studies reported on less than 12 months
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follow up with the exception of one study; the study found a significant improvement (SMD
4.74; C14.36, 5.13).164

A large number of studies reported on symptom improvements. Standardized mean
differences are shown in Figure 26.

Figure 26. Effects of FDA-approved pharmacologic ADHD treatment on ADHD symptoms (SMD)

Concordia, 2011 #13782 NS-ALA-CLON —a— -0.34 [-0.68, -0.00
Daviss, 2008{#15335 -ALA-CLON P -0.30 [-0.80, 0.21
Hazell, 2003 #14216 NS ALA-CLON P -0.16 ]-0.64, 0.32
Jain, 2011{#17129 S ALA-CLON —a— : -0.77 [-1.09, -0.44
Kollins, 2011{#171 NS-ALA-CLON —a—: -0.34 |-0.62, -0.06
Connor, 2010 #1925 } NS-ALA-GXR —a— : -0.89[-1.19, -0.60
Hervas, 2014{#19229] NS-ALA-GXR —— : -0.68 [-0.95, -0.41
Newcorn, 2016{#13247) NS-ALA-GXR —a— -0.47 [-0.69, -0.25
Sallee, 2009{#17319) NS-ALA-GXR — -0.62 |-0.97, -0.26
Wilens, 2012{#1925 éNS -ALA-GXR —— -0.34 [-0.57, -0.11
van Stralen, 2020{#335} NS-ALA-GXR e -0.64 [-1.05, -0.22
Allen, 2005{#17787} NS-NRI-ATX —a— -0.56 [-0.89, -0.23
Bangs, 2007{#17598} NS-NRI-ATX —— : -0.82 [-1.16, -0.48
Bangs, 2008{#24404 NS-NRI-ATX —a— -0.39 1-0.68, -0.10
Buitelaar, 2007{#17592} NS-NRI-ATX —a— 0.04 [-0.27, 0.35
Dell'Agnello, 2009{#17 94} NS-NRI-ATX e -0.58 [-0.98, -0.18
Eli Lilly, 2004{#13893} NS-NRI-ATX e : -0.72 [-1.13, -0.32
Eli Lilly, 2006{#13928} NS-NRI-ATX —a— -0.58 [-0.94, -0.21
Gau, 2007{#17568} NS-NRI-ATX e -0.70 [-1.14, -0.25
Griffiths, 2018{#477} NS-NRI-ATX —a— -0.35]-0.73, 0.03
Kelsey, 2004{#24395} NS-NRI-ATX —a— : -0.72 [-1.04, -0.40
KratOChVII 2011 #19239} NS-NRI-ATX —— -0.511-0.93, -0.10
Martenyi, 2010{#17245} NS-NRI-ATX —a— -0.56 [-0.98, -0.14
Michelson, 2001{#17979} NS-NRI-ATX —a— -0.60 [-0.91, -0.29
Michelson, 2002{#17933} NS-NRI-ATX —a— -0.60 [-0.91, -0.29
Montoya, 2009 #17348 S-NRI-ATX —a— : -0.67 [-1.02, -0.33
Newcorn, 2008{# NS-NRI-ATX —a— -0.57 |-0.84, -0.30
Prasad, 20075#17526} S-NRI-ATX —a— H -0.751-1.03, -0.46
Spencer, 2002{#24394) NS-NRI-ATX —a— : -0.791-1.13, -0.45
Spencer, 2002{#28632} NS-NRI-ATX —— -0.65[-1.03, -0.26
Spencer, 2008{#18353} NS-NRI-ATX —a— -0.57 [-0.94, -0.20
Takahashi, 2009{#17312} NS-NRI|-ATX —a— -0.44 [-0.80, -0.07
Weiss, 2005(#18388} NS-NRI-ATX —a— -0.441-0.78, -0.10
Nasser, 2020{#259} NS-NRI-VLX —a— -0.48 [-0.70, -0.26
Nasser, 2021{#2978} NS-NRI-VLX —— -0.26 [-0.54, 0.03
Nasser, 2021{#3004} NS- NRI VLX —a— -0.39 [-0.68, -0.11
Nasser, 2021{#3054} NS-N —a— -0.36 [-0.64, -0.09
Banaschewski, 201 #14417 S AIVIPH LDHH : -1.63[-1.83,-1.23
Coghill, 2014{#14575} S-AMPH-LDX ! -1.46 |-1.82, -1.09
Ichikawa, 202 é#SS(gS -AMPH-LDX I i : -1.34 [-2.03, -0.64
Brams, 2018{# H-MAS —a— : -0.76 |-1.01, -0.51
Mattlngly 2020 #3060 S- AMPH MAS e : -0.77 [-1.20, -0.34
Childress, 2009{#27156} S-MPH-DEX —a— : -1.02 [-1.40, -0.64
Simonoff, 2013% 14570} S-MPH-ER —a— -0.33[-0.69, 0.02
Abikoff, 2007{#18292} S-MPH-IR —a— -0.431-0.86, 0.00
Abikoff, 2009{#17420 S MPH-OROS I f -0.68 [-1.33, -0.02
Seattle Children's, 2 %27077} S- IVIF’H OROS FH—=—: -0.67 [-1.23, -0.11
Wolraich, 2001{#15145} S-MPH-OR —a— : -0.77 -1.07, -0.47
Findling, 2010{ 17270}8 MPH-TP —a— : -0.80 [-1.10, -0.51

RE Model - -0.61[-0.69, -0.52]

-2.5 -2 -1.5 -1 -0.5 0 0.5

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, FDA = Food and Drug Administration, NS-ALA-CLON = clonidine,
NS-ALA-GXR = guanfacine, NS-NRI-ATX = atomoxetine, NS-NRI-VLX = viloxazine, S-AMPH-LDX = lisdexamfetamine
dimesylate, S-AMPH-MAS = mixed amphetamine salts, S-MPH-IR = immediate release methylphenidate, S-MPH-OROS =
osmotic-release oral system methylphenidate, S-MPH-TP = methylphenidate transdermal patch, RE = random effects, SMD =
Standardized Mean Difference

Across studies, pharmacological interventions for ADHD were associated with a systematic
reduction in ADHD symptom scale scores compared to control (SMD -0.61; CI -0.69, -0.52; 49

77



5. Results: Treatment of ADHD

studies, n=7685). Only two studies included children younger than six years old.!*® 3’® There was
some heterogeneity (I-squared 64%). Tests for publication bias were not statistically significant.
Excluding nine high-risk-of-bias RCTs in a sensitivity analysis estimated similar symptom
reductions, indicating that the result is not primarily driven by high-risk studies (SMD -0.60; CI -
0.71, -0.49). Results for symptom measures used as categorical variables (e.g., number of
improved children meeting a scale threshold) are shown in Figure 27.

Figure 27. Effects of FDA-approved pharmacologic ADHD treatment on ADHD symptoms (RR)

Hazell, 2003{#14216} NS-ALA-CLON I—'—-—| 2.04 [0.82, 5.06]

Block, 2009{#19273} NS-NRI-ATX I—I—| 1.07 [0.84, 1.35]
Buitelaar, 2007{#17592} NS-NRI-ATX . { 4.94 [1.12, 21.858]
Dell'Agnello, 2009{#17394} NS-NRI-ATX I { 4.17 [1.38, 12.56]
Harfterkamp, 2012{#24399} NS-NRI-ATX i 2.30[0.76, 6.96]
Kelsey, 2004{#24395} NS-NRI-ATX —— 1.88[1.28, 2.75]
Prasad, 2007{#17526} NS-NRI-ATX i 1.63 [1.27, 2.08]
Svanborg, 2009{#17314} NS-NRI-ATX I—-I—| 1.15[0.87, 1.52]
Johnson, 2020{#272} NS-NRI-VLX r—-—I—| 1.4910.92, 2.40]
Nasser, 2021{#2978} NS-NRI-VLX I—I—| 1.45[1.03, 2.06]
Nasser, 2021{#3004} NS-NRI-VLX |—I—| 1.60 [1.06, 2.42]
Nasser, 2021{#3054} NS-NRI-VLX —a— 1.66 [1.13, 2.43]
Coghill, 2014{#14575} S-AMPH-LDX —a— 4.28 [2.49, 7.35]
RE Model - 1.71[1.33, 2.19]
[ I I I I I
0.37 1 2.72 7.39 20.09 54.6
Relative Risk

Notes: ADHD = attention deficit hyperactivity disorder, FDA = Food and Drug Administration, NS-ALA-CLON = clonidine,
NS-NRI-ATX = atomoxetine, NS-NRI-VLX = viloxazine, RE = random effects, RR = relative risk, SSAMPH-LDX =
lisdexamfetamine dimesylate

Results across studies also indicated a significant benefit (RR 1.71, CI 1.33, 2.19; 13 studies,
n=1918). None of the studies included children under six years of age. There was some evidence
of heterogeneity (I-squared 69%). There was also some evidence of publication bias (Begg p
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0.02, Egger p 0.01). Applying the trim and fill method for an alternative estimate, effects were
smaller (RR 1.45; CI 1.11, 1.88). When removing high-risk of bias RCTs in a sensitivity
analysis, the treatment effect was similar to the main analysis (RR 1.79, CI 1.40, 2.30) and
heterogeneity was further reduced, indicating that methodological rigor of the studies was one
source of heterogeneity. Only one of the studies reported on a long-term outcome; the effect was
not statistically significant (SMD 0.04; CI-0.27, 0.35).164

Some of the identified studies reported on functional outcomes as shown in Figure 28.

Figure 28. Effects of FDA-approved pharmacologic ADHD treatment on functional impairment
(SMD)

Concordia, 2011{#13782} NS—ALA-CLOI‘H—;—i -0.00 [-0.34, 0.34]
Buitelaar, 2007{#17592} NS-NRI-ATX l—l—l 0.02 [-0.29, 0.33]
Michelson, 2001{#17979} NS-NRI-ATX —— 0.51[0.20, 0.82]
Nasser, 2020{#259} NS-NRI-VLX i 0.42[0.19, 0.64]
Nasser, 2021{#2978} NS-NRI-VLX l—I—i -0.04 [-0.33, 0.24]
Nasser, 2021{#3004} NS-NRI-VLX l—l—| 0.21 [-0.07, 0.50]
Tris Pharma, 2014{#13784} S-AMPH A 1.90[1.43, 2.37]
Banaschewski, 2013{#14417} S-AMPH-LDXE —a— 0.58 [ 0.30, 0.85]
Abikoff, 2007{#18292} S-MPH-IR I—'—-—i 0.14 [-0.32, 0.60]
Wigal, 2011{#17070} S-MPH-OROS —— 1.41[1.086, 1.76]
RE Model “" 0.50 [ 0.05, 0.96]

S Y B R R e—
-05 0 0.5 1 1.5 2 25

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, FDA = Food and Drug Administration, NS-ALA-CLON = clonidine,
NS-NRI-ATX = atomoxetine, NS-NRI-VLX = viloxazine, S-AMPH = amphetamine, S-AMPH-LDX = lisdexamfetamine
dimesylate, S-MPH-IR = immediate release methylphenidate, S-MPH-OROS = osmotic-release oral system methylphenidate, RE
= random effects, SMD = standardized mean difference

Across studies, treatment was associated with a decrease in functional impairment (SMD
0.50; CI10.05, 0.96; 10 studies, n=1703). Only one study included children younger than six
years o0ld.!” There was evidence of substantial heterogeneity (I-squared 93%). There was no
evidence of publication bias. Excluding two high risk of bias RCTs in a sensitivity analysis did
not change the effect (SMD 0.61; CI 0.05, 1.17) and heterogeneity was not reduced. We
stratified studies by medication to determine whether the type of medication is a source of
heterogeneity. There was some indication that heterogeneity was reduced in selected subgroups
(amphetamines), but heterogeneity remained high in multiple subgroups and we did not identify
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broad treatment categories (stimulants, non-stimulants, the stimulant subtype amphetamines,
NRIs, the NRI subtype atomoxetine) as a clear source of heterogeneity. The only study reporting
a long-term effect was not statistically significant (SMD 0.02; CI -0.29, 0.33).!64

We identified only one study that formally assessed treatment satisfaction for all study arms;
it reported significant satisfaction with the alpha agonist treatment compared to placebo
treatment (RR 0.47; C10.32, 0.68; 1 study, n=198).2"

Only one study reported on academic performance; the study reported improvements in the
methylphenidate compared to control group (SMD -1.37; CI -1.72, -1.03; 1 study, n=156) in the
correct answers on the Permanent Product Measure of Performance.®!8

All studies reporting in sufficient detail on a continuous measure for appetite, weight or
growth suppression that allowed us to compute measure-independent standardized mean
differences are shown in Figure 29.

Figure 29. Effects of FDA-approved pharmacologic ADHD treatment on appetite suppression
(SMD)

Daviss, 2008{#15335} NS-ALA-CLON I—I—| -0.13 [-0.63, 0.37]
Hazell, 2003{#14216} NS-ALA-CLON I—-—l—| 0.38 [-0.10, 0.87]
Buitelaar, 2007{#17592} NS-NRI-ATX —a— 1.05[0.72, 1.37]
Spencer, 2008{#18353} NS-NRI-ATX P 1.06 [ 0.68, 1.45]
Coghill, 2014{#14575} S-AMPH-LDX I—-—I—! 0.17 [-0.14, 0.48]
Kurowski, 2019{#415} S-MPH-OROS . | 0.22 [-0.41, 0.84]
RE Model -—‘— 0.48 [-0.04, 1.00]

| I I I I |

-1 -0.5 0 0.5 1 1.5

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, FDA = Food and Drug Administration, NS-ALA-CLON = clonidine,
NS-NRI-ATX = atomoxetine, S-AMPH-LDX = lisdexamfetamine dimesylate, S-MPH-OROS = osmotic-release oral system
methylphenidate, RE = random effects, SMD = standardized mean difference
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Across studies, pharmacological treatment indicated reduced appetite, but the effect was not
statistically significant (SMD 0.48; CI -0.04, 1.00; 6 studies, n=605). There was evidence of
heterogeneity (I-squared 82%). The analysis included stimulants and non-stimulants, but NRIs
were only represented by atomoxetine and alpha agonists only by clonidine. Two atomoxetine
studies reported a smaller increase in weight than children in the placebo group. Removing one
high-risk-of-bias RCT in a sensitivity analysis did not change the finding (SMD 0.52; CI -0.13,
1.18) and heterogeneity was not reduced. We did not detect publication bias. A much larger
number of studies reported on appetite suppression as a categorical measure (e.g., reported
incidences per sample) indicating the number of patients reporting this adverse event as shown in
Figure 30.

Figure 30. Effects of FDA-approved pharmacologic ADHD treatment on appetite suppression (RR)

Biederman, 2008{#17495} NS-ALA-GXR e 2.50[0.50, 12.54
Hervas, 2014{#19229} NS-ALA-GXR - 1.22 0.60, 2.4

Wilens, 2012{#19257} NS-ALA-GXR —— 1.53[0.56, 4.19
Young, 2014{#15140} NS-ALA-GXR ——a— 2.09[0.54, 8.16
Allen, 2005{#17787} NS-NRI-ATX ] 5.68[1.32, 24.52
Bangs, 2007{#17598} NS-NRI-ATX ] 4.3110.97, 19.25
Bangs, 2008{#24404} NS-NRI-ATX D 17.05[2.39, 121.72
Block, 2009{#19273} NS-NRI-ATX —a— 4.4711.33, 15.05
Dell'Agnello, 2009{#17394} NS-NRI-ATX —— 3.59[1.18, 10.89
Eli Lilly, 2004{#13893} NS-NRI-ATX — | 5.81 50.35, 97.10
Eli Lilly, 2006{#13928} NS-NRI-ATX — | 6.89 [0.36, 130.46
Gau, 2007{#17568} NS-NRI-ATX —a— 2.46[1.03, 584
Geller, 2007{#18394} NS-NRI-ATX — 3.8111.10, 13.13
Harfterkamp, 2012{#24399} NS-NRI-ATX —a— 4.421[1.34, 14.55
Kelsey, 2004{#24395} NS-NRI-ATX —a— 2.77[1.00, 7.66
Kratochvil, 2011{#19239} NS-NRI-ATX C—— 3.62 [1.27, 10.28
Michelson, 2001{#17979} NS-NRI-ATX —a— 2.501[0.82, 7.65
Michelson, 2002{#17933} NS-NRI-ATX f—a— 3.40[1.31, 8.80
Montoya, 2009{#17348} NS-NRI-ATX i 344127, 9.31
Prasad, 2007%#17526} NS-NRI-ATX —a— 0.93[0.36, 2.39
Spencer 2008{#18353} NS-NRI-ATX S 10.10 51.35, 75.72
Svanborg, 2009{#173 4} NS-NRI-ATX — ! 7.1410.38, 134.71
Takahashi, 2009{#17312} NS-NRI-ATX C—a— 6.61[1.56, 28.06
Wehmeier, 2012{#19288} NS-NRI-ATX +——8——-— 0.4910.05, 5.29
Weiss, 2005 {#18388} NS-NRI-ATX e 12.36 [1.72, 88.80
Johnson 2020 #272 NS-NRI-VLX ——— 1.96 {0.45, 8.563
Nasser, 2020{# 59} NS-NRI-VLX Dk { 24.69 [1.47, 413.52
Nasser 2021{#2978} NS-NRI-VLX ] 2. 13{0 45, 9.99
Nasser, 2021{#3004} NS-NRI-VLX } { 17.50[1.02, 299 31
Nasser, 2021{#3054} NS-NRI-VLX t { 18.82 1.11, 319.24
Banaschewski, 2013{#14417} S-AMPH-LDX Do 5.9511.80, 19.61
Biederman, 2007{#24396} S-AMPH-LDX : —a— 11.84 [3.82, 36.71
Childress, 2022{#19351} S-AMPH-LDX | : | 1.18 [0.02, 58.07
Coghill, 2014{#14575} S-AMPH-LDX — { 7.09[0.37, 135.01
Brams, 2018{#514} S-AMPH-MAS N 441[2.23, 8.72
Mattlngly 2020{#3060} S-AMPH-MAS P 0.48[0.04, 5.08
Spencer, 2006{#15089} S-AMPH-MAS D 21.43 [3.00, 152.96
Chlldress 2009 #27156} S-MPH-DEX ' - { 3.25[0. 14 78.33
Greenhill, 2006{#17665} S-MPH-DEX —a— 3. 55 1. 28 9.87
Wigal, 2004{#15041} S-MPH-DEX : { 8.6 [ .48, 155.00
Simonoff, 2013& 14570} S-MPH-ER e 7.50 0. 98 57.20
Findling, 2011 17155}5 MPH-LDX : —a— 27.64 [6.99, 109.31
Seattle Children's, 2015{#27077} S-MPH-OROS :HEH 3.19[1. 74 5.86
Wolraich, 2001 #15145} S-MPH-OROS —— 1.81 0 93, 353
Findling, 2008{#19232} S-MPH-TP HEH 1.28 [0. 74, 2.20
Findling, 2010{#17270} S-MPH-TP P 18.37 [2.57, 131.23
RE Model L 3.51[2.72, 4.51]

[ I [ I I I |
0.02 0.14 1 7.39 546 2980.96
Relative Risk
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5. Results: Treatment of ADHD

Notes: ADHD = attention deficit hyperactivity disorder, FDA = Food and Drug Administration, NS-ALA-GXR = guanfacine,
NS-NRI-ATX = atomoxetine, NS-NRI-VLX = viloxazine, RE = random effects, RR = relative risk, S-AMPH-LDX =
lisdexamfetamine dimesylate, S-AMPH-MAS = mixed amphetamine salts, S-MPH-DEX = dexmethylphenidate, S-MPH-OROS
= osmotic-release oral system methylphenidate, S-MPH-TP = methylphenidate transdermal patch

Across studies, pharmacological treatment was associated with a suppression in appetite
compared to control groups (RR 3.51; CI 2.72, 4.51; 46 studies, n=7209). Only two studies
included children under the age of six.!***’® Heterogeneity was negligible (I-squared 41%)).
There was evidence of publication bias (Begg p 0.02, Egger p<0.002). An alternative treatment
estimate using the trim and fill method suggested a somewhat smaller effect on appetite
suppression (RR 2.66; CI 2.02; 3.50). When removing four high-risk-of-bias RCTs in a
sensitivity analysis, effect estimates were similar to the main effect (RR 3.62; CI1 2.77, 4.74).
Only one of the studies evaluating appetite suppression reported on a long-term outcome, it
indicated less weight increase compared to placebo (SMD 1.05; C1 0.72, 1.37).1%4

The number of participants experiencing any adverse event is documented in Figure 31.
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Figure 31. Effects of FDA-approved pharmacologic ADHD treatment on number of participants
with adverse events (RR)

Concordia, 2011{#13782} NS-ALA-CLON l—'—-—i 1.08 [0.76, 1.53
Daviss, 2008{#15335} NS-ALA-CLON . | 1.81[1.12,2.92
Kollins, 2011{#17125} NS-ALA-CLON I—I—| 1.11[0.80, 1.53
Singer, 1995{#18112} NS-ALA-CLON : —— 1.87[1.24,2.81
Biederman, 2008{#17495} NS-ALA-GXR —a— 1.36 [1.14, 1.63
Connor, 2010{#19254} NS-ALA-GXR o—a— 1.40[1.16, 1.70
Hervas, 2014{#19229} NS-ALA-GXR —a— 1.17 [0.99, 1.39]
Kollins, 2011{#17124} NS-ALA-GXR —a— 1.1310.93, 1.37]
McCracken, 2016{#13198} NS-ALA-GXR HEH 1.03 [0.97, 1.09
Newcorn, 2016{#13247} NS-ALA-GXR —— 1.17 [0.99, 1.39
Wilens, 2012{#19257} NS-ALA-GXR D 1.22 [1.05, 1.41
Wilens, 2015{#19233} NS-ALA-GXR PoHEH 1.21[1.10, 1.33
Young, 2014{#15140} NS-ALA-GXR e 1.39[1.15, 1.68
van Stralen, 2020{#335} NS-ALA-GXR —a— 1.02 [0.87, 1.20
Block, 2009{#19273} NS-NRI-ATX : —e— 1.70[1.31,2.21
Buitelaar, 2007{#17592} NS-NRI-ATX —— 1.22[1.02, 1.47
Eli Lilly, 2004{#13893} NS-NRI-ATX : e 1.97[1.24,3.12
Eli Lilly, 2006{#13928} NS-NRI-ATX o—a— 1.48[1.13, 1.93
Harfterkamp, 2012{#24399} NS-NRI-ATX = 1.14 [0.91, 1.42
Martenyi, 2010{#17245} NS-NRI-ATX I : { 1.38[0.80, 2.37
Montoya, 2009{#17348} NS-NRI-ATX o 1.74 [1.19, 2.56
Svanborg, 2009{#17314} NS-NRI-ATX —a— 1.21[1.00, 1.47
Takahashi, 2009{#17312} NS-NRI-ATX ——a— 1.1310.92, 1.40]
Wehmeier, 2012{#19288} NS-NRI-ATX —q 1.17 [0.80, 1.69
Nasser, 2020{#259} NS-NRI-VLX P 1.62[1.21,2.16
Nasser, 2021{#2978} NS-NRI-VLX e 1.44 [1.07, 1.94
Nasser, 2021{#3054} NS-NRI-VLX § 1.46 [1.07, 1.99]
Banaschewski, 2013{#14417} S-AMPH-LDX —— 1.26 [1.03, 1.53]
Biederman, 2007{#24396} S-AMPH-LDX —a— 1.77 [1.36, 2.31
Childress, 2022{#19351} S-AMPH-LDX —_—— 1.37 [0.89, 2.12
Coghill, 2014{#14575} S-AMPH-LDX e 1.57 [0.98, 2.50
Ichikawa, 2020{#330} S-AMPH-LDX = { 1.66 [0.91, 3.03
Brams, 2018{#514} S-AMPH-MAS C—a— 1.45[1.16, 1.80
Mattingly, 2020{#3060} S-AMPH-MAS t : { 1.50 [0.64, 3.51
Childress, 2009{#27156} S-MPH-DEX F—a— 124 [0.94, 1.62
Greenbhill, 2006{#17665} S-MPH-DEX —a— 1.31[0.98, 1.76
Weiss, 2021{#13544} S-MPH-ER C—a— 1.41[1.07, 1.85
Findling, 2011{#17155} S-MPH-LDX E—a— 1.23[0.97, 1.55
Wolraich, 2001{#15145} S-MPH-OROS ——e 1.22[0.84, 1.77
Findling, 2008{#19232} S-MPH-TP D 1.31[1.06, 1.62
Findling, 2010{#17270} S-MPH-TP Do—a— 1.39[1.11,1.74
RE Model : L 2 1.29 [1.23, 1.35]
[ [ [ [ |
0.61 1 1.65 272 4.48
Relative Risk

Notes: ADHD = attention deficit hyperactivity disorder, FDA = Food and Drug Administration, NS-ALA-CLON = clonidine,
NS-ALA-GXR guanfacine, NS-NRI-ATX = atomoxetine, NS-NRI-VLX = viloxazine, RE = random effects, RR = relative risk,
S-AMPH-LDX = lisdexamfetamine dimesylate, S-AMPH-MAS = mixed amphetamine salts, S-MPH-DEX =
dexmethylphenidate, S-MPH-IR = extended release methylphenidate, S-MPH-OROS = osmotic-release oral system
methylphenidate, SMPH-TP = methylphenidate transdermal patch

Pharmacological interventions were associated with a higher risk of experiencing adverse
events compared to control groups (RR 1.29; CI 1.23, 1.35; 41 studies, n=6926). None of the
studies included children under the age of six. We detected only negligible heterogeneity (I-
squared 47%). There was evidence of publication bias (Begg p 0.03, Egger p<0.001) and an
alternative effect estimate using the trim and fill method suggested a smaller effect (RR 1.21; CI
1.15, 1.28). We also assessed in a sensitivity analysis whether results were mainly driven by
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5. Results: Treatment of ADHD

high-risk-of-bias studies; estimates remained stable (RR 1.30; CI 1.23, 1.36) after excluding
eight high-risk of bias RCTs and heterogeneity was reduced further. Only one of the identified
studies reported a long-term effect; which showed more participants reporting adverse events in
the intervention group compared to placebo (RR 1.22; CI11.02, 1.47).1%4

5.3.2.1 FDA-Approved Pharmacologic ADHD Treatment Comparative
Effects

We identified over 60 studies comparing pharmacological agents to an alternative treatment;
however, comparators varied. Comparators were often different doses of the same medication,
and some found a dose-response effect. For example, one study compared 200mg with 100mg of
extended release viloxazine (an NRI) and reported improvement in both symptoms and
functional impairment in both dosage groups, while the rate of children reporting decreased
appetite was 7.5 percent in the 200mg group compared to 4.5 percent in the 100mg group.*** The
evidence table in the appendix shows results for dose comparisons in detail.

The following documents results of direct comparisons within head-to-head trials, followed
by indirect comparisons across studies where possible.

5.3.2.1.1 Combined Effects: Non-Stimulants Plus Stimulants Versus

Stimulants Alone

Several studies evaluated the effect of an intervention in samples already receiving treatment
for ADHD. Most often the ongoing intervention was described as stimulant treatment. Hence, the
group of tested non-stimulant evaluation studies included studies where participants were already
receiving stimulants and the new therapy was assessed as an adjunctive treatment. The stimulant
medication would be taken by both the intervention and control group participants. We
systematically identified studies that augmented usual care with an additional treatment, and we
determined in a meta-regression whether this intervention-comparator combination affects the
treatment effects. We were particularly interested in whether medication add-on trials reported
systematically different results from other studies. This could be either a specific stimulant, such
as methylphenidate, or stimulants not further described. Often the stimulant dose was either not
known, or it varied by participant based on the usual care arrangement. Most analyses for the
outcomes of interest were not statistically significant: behavior (p 0.33), broadband measures
(continuous p 0.81 categorical p 0.14), appetite suppression (continuous p 0.28, categorical p
0.24), participants reporting adverse events (p 0.14). For other outcomes, there were insufficient
studies for the comparison (functional impairment, treatment satisfaction, academic
performance). However, for ADHD symptoms using continuous outcome variables, there was
indication that the effect estimate depended to some extent on whether participants were already
receiving stimulants (p 0.048). The effect was not found for categorical outcome measures (p
0.77). The following analyses report on the subgroup of studies that augmented stimulant
medication with a non-stimulant.

We identified one study that compared clonidine plus stimulants versus stimulants alone and
that reported on a problem behavior; the study favored the combination (RR 0.36; C10.17, 0.78;
1 study, n=66).32!

Two studies reported on a continuous broadband measure, but since the reported effects
varied, no meaningful summary for the augmentation could be determined (SMD 0.52; CI -1.26,
2.30; 2 studies, n=292).37% 3% However, a single study found that adjuvant treatment with
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guanfacine was associated with a statistically significantly greater number of improved
participants (RR 0.80; CI 0.68, 0.95; 1 study, n=303).622
Results for ADHD symptoms for the subgroup of non-stimulants are shown in Figure 32.

Figure 32. Subgroup analysis: Non-stimulants (all alpha agonist) plus stimulants versus
stimulants alone on ADHD symptoms (SMD)

Daviss, 2008{#15335} CLON -0.30 [-0.80, 0.21]
Hazell, 2003{#14216} CLON -0.16 [-0.64, 0.32]
Kollins, 2011{#17125} CLON — . -0.34 [-0.62, -0.06]
Wilens, 2012{#19257} GXR —— -0.34 [-0.57, -0.11]
van Stralen, 2020{#335} GXR -0.64 [-1.05, -0.22]
RE Model ——sam——— -0.36 [-0.52, -0.19]
[ I I I I
-1.5 -1 -0.5 0 0.5

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, CLON = clonidine, GXR = guanfacine, RE = random effects, SMD =
standardized mean difference

Across studies, non-stimulant augmentation (all studies used alpha agonists) of stimulants
found a statistically significant effect for ADHD symptoms across studies (SMD -0.36; CI -0,52,
-0.19; 5 studies, n=724). Only one study evaluated an add-on trial reporting on a categorical
symptom outcome; the study did not detect a systematic difference (RR 2.04; CI 0.82, 5.06; 1
study, n=66).%%!

This subgroup of studies did not assess functional outcomes, treatment satisfaction, or
academic performance. And although some of the studies reported on appetite suppression, the
two studies that reported on a continuous outcome reported conflicting results and no meaningful
summary estimate could be derived (SMD 0.13; CI -03.12, 3.39; 2 studies, n=128).2!7-%2! The
single study reporting a categorical outcome did not detect a statistically significant difference
between treatment arms (RR 1.52; CI 0.56, 4.19; 1 study, n=303).6%?

Figure 33 shows the effects of non-stimulants plus stimulants versus stimulants alone on the
number of participants with adverse events.
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Figure 33. Subgroup analysis: Non-stimulants (all alpha agonist) plus stimulants versus
stimulants alone on participants with adverse events (RR)

Daviss, 2008{#15335} CLON : 1.81[1.12,2.92]
Kollins, 2011{#17125} CLON .—.—. 1.11[0.80, 1.53]
Wilens, 2012{#19257} GXR —— 1.22 [1.05, 1.41]
van Stralen, 2020{#335} GXR -—I—- 1.02 [0.87, 1.20]
RE Model ——— 1.17 [0.87, 1.56]
| i T T |
0.61 1 1.65 272 4.48
Relative Risk

Notes: ADHD = attention deficit hyperactivity disorder, CLON = clonidine, GXR = guanfacine, RE = random effects, RR =
relative risk

Across studies, we detected no systematically different effect of the combination treatment
on appetite suppression compared to stimulant alone (RR 1.17; CI1 0.87, 1.56; 4 studies, n=657).

5.3.2.1.2 Medication Category Comparison: Non-Stimulants Versus
Stimulants

We also differentiated the included studies into those assessing the effects of non-stimulants
and stimulant medications. We reviewed direct comparisons of a non-stimulant with a stimulant
as well as meta-regressions using indirect comparisons. The indirect comparisons aimed to detect
whether studies comparing non-stimulants versus control reported statistically significantly
different results from stimulants versus control.

Non-stimulants versus stimulants in direct, head-to-head comparisons within identified
studies for individual problem behaviors are shown in Figure 34.
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Figure 34. Comparison: Non-stimulants (all SNR, all atomoxetine) versus stimulants (all
methylphenidate) on problem behaviors (SMD)

Cetin, 2015{#15933} ATX vs MPH —m— -0.06 [-0.38, 0.27]
Morell, 2019{#4907} ATX vs MPH 0.00 [-0.77, 0.77]
Newcorn, 2008{#17456} ATX vs MPH —r— -0.08 [-0.32, 0.16]
Shang, 2020{#345} ATX vs MPH —-— 0.13[-0.43, 0.17]
RE Model -- -0.08 [-0.14, -0.03]
[ [ I | |
1 05 0 0.5 1

Standardized Mean Difference

Notes: ATX = atomoxetine, MPH = methylphenidate, RE = random effects, SMD = standardized mean difference, SNR =
serotonin and norepinephrine reuptake inhibitors

Across comparative effectiveness studies, non-stimulants (all NRIs) were slightly but
statistically significantly associated with more reductions in individual problem behavior
compared to stimulants (SMD -0.08; CI -0.14, -0.03; 4 studies, n=608); all studies compared
atomoxetine versus methylphenidate specifically rather than the full range of non-stimulant or
stimulant medications. None of the studies included children under the age of six. The analysis
did not detect heterogeneity or evidence of publication bias. However, removing all high-risk of
bias studies left only two studies, which individually did not detect a systematic difference
between atomoxetine versus methylphenidate (SMD -0.10; CI -0.40, 0.20). There were
insufficient studies reporting on the outcome for indirect comparisons between non-stimulant
and stimulant studies. Given the difference between medications shown in the head-to-head
trials, Figure 35 reports a subgroup analysis for non-stimulants on problem behavior.
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Figure 35. Subgroup analysis: Non-stimulants versus control on problem behavior (SMD)

Hazell, 2003{#14216} NS-ALA-CLON I i -0.31[-0.80, 0.17]
Eli Lilly, 2006{#13928} NS-NRI-ATX ] -0.48 [-0.84, -0.12]
Michelson, 2001{#17979} NS-NRI-ATX —@— -0.92 [-1.24, -0.60]
Newcorn, 2008{#17455} NS-NRI-ATX R -0.80 [-1.17, -0.43]
RE Model —=eea S ———— -0.66 [-1.10, -0.22]
[ I I [ |
1.5 -1 -0.5 0 0.5

Standardized Mean Difference

Notes: NRI = norepinephrine reuptake inhibitors, NS-NRI-ATX = atomoxetine, NS-ALA-CLON = clonidine, RE = random
effects, SMD = standardized mean difference

In the subgroup of non-stimulant studies, treatment was associated with a reduction in
problem behavior compared to placebo (SMD -0.66; CI -1.10, -0.22; 4 studies, n=523).
However, only atomoxetine, one of the two approved NRIs for the treatment of ADHD, and
clonidine, one of two approved alpha agonists, contributed to the analysis. We identified only
one study that compared stimulants alone to a control group; the study did not detect a systematic
difference between immediate release methylphenidate and placebo (SMD 0.31; CI -0.33, 0.95;
n=91).2%

Results for broadband measures in the comparison of non-stimulants versus stimulants are
shown in Figure 36; all studies compared atomoxetine with methylphenidate medications.
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5. Results: Treatment of ADHD

Figure 36. Comparison: Non-stimulants (all NRIs, all atomoxetine) versus stimulants (all
methylphenidate) on broadband measures (SMD)

Kratochvil, 2002{#17937} ATX vs MPH : -0.12 [-0.45, 0.21]
Mount Sinai, 2012{#13888} ATX vs MPH 0.14 [-0.30, 0.58]
Newcorn, 2008{#17455) ATX vs MPH ~ +————— -0.24 [-0.43, -0.05]
Wang, 2007{#17513} ATX vs MPH — -0.15 [-0.36, 0.07]
RE Model ——— -0.16 [-0.35, 0.03]

[ I I [ I | I
-06 -04 -02 0 02 04 06

Standardized Mean Difference

Notes: NRI = norepinephrine reuptake inhibitors, NS-NRI-ATX atomoxetine, MPH methylphenidate, RE = random effects, SMD
= standardized mean difference

Across studies, we did not detect a systematic difference between stimulants and non-
stimulants for continuous broadband measure outcomes (SMD -0.16; CI -0.35, 0.03; 4 studies,
n=1080); all studies compared the NRI atomoxetine versus methylphenidate medications.?”® 46%:
539,604 Other stimulants (amphetamine) and non-stimulants (alpha agonists) could not be added to
the analysis, due to lack of studies. We did not detect heterogeneity or evidence of publication
bias in this analysis. Removing all high-risk of bias studies left only one study that reported a
similar effect estimate (SMD -0.15; CI -0.37, 0.06).°% We also assessed in indirect comparisons
whether the subgroup of studies evaluating non-stimulants versus studies evaluating stimulants
reported different effect sizes (both compare the intervention against a control group, rather than
comparing the two drug classes directly). We did not detect differences for continuous outcomes
in this analysis (p 0.88). We identified only one study that reported on a categorical assessment
of a broadband impression; the study found no difference between non-stimulants and stimulants
(RR 1.01; CI 0.75, 1.37; 1 study, n=237); the study compared the NRI atomoxetine versus
methylphenidate medication specifically.’®® However, a meta-regression for categorical
broadband measures indicated a statistically significant difference between results reported in
non-stimulant versus stimulant studies (p 0.0002). Figure 37 shows the subgroup analysis results
for non-stimulants.
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5. Results: Treatment of ADHD

Figure 37. Subgroup analysis: Non-stimulants versus control on broadband measures (RR)

Biederman, 2008{#17495} NS-ALA-GXR I { 0.48 [0.29, 0.80]
Hervas, 2014{#19229} NS-ALA-GXR p—— 0.66 [0.52, 0.85]
Kollins, 2011{#17124} NS-ALA-GXR 0.62 [0.42, 0.90]
McCracken, 2016{#13198} NS-ALA-GXR I—I—| 0.89[0.78, 1.02]
Newcorn, 2016{#13247} NS-ALA-GXR ] 0.65 [0.49, 0.86]
Sallee, 2009{#17319} NS-ALA-GXR —a— 0.54 [0.40, 0.71]
Wilens, 2012{#19257} NS-ALA-GXR —— 0.80[0.68, 0.96]
Wilens, 2015{#19233} NS-ALA-GXR —a— 0.72 [0.55, 0.93]
Block, 2009{#19273} NS-NRI-ATX P 0.66 [0.46, 0.94]
Kratochvil, 2011{#19239} NS-NRI-ATX I . 0.55[0.29, 1.03]
Montoya, 2009{#17348} NS-NRI-ATX I - . 0.64 [0.42, 0.99]
Prasad, 2007{#17526} NS-NRI-ATX ' | 0.40[0.24, 0.66]
RE Model o 0.66 [0.58, 0.76]
[ I I I I
0.22 0.37 0.61 1 1.65
Relative Risk

Notes: NS-NRI-ATX = atomoxetine, NS-ALA-GXR = guanfacine, RE = random effects, RR = risk ratio

In the subgroup of non-stimulant studies, treatment was associated with a reduction in
broadband measures, but the effect was smaller than for stimulants (RR 0.66; CI 0.58, 0.76; 12
studies, n=2312). Only two out of four FDA-approved non-stimulant medications (atomoxetine,
guanfacine) contributed to the analysis. Only one of the studies in this subgroup included
children under the age of 6.’ The subgroup analysis of stimulant studies is shown in Figure 38.
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5. Results: Treatment of ADHD

Figure 38. Subgroup analysis: Stimulants versus control on broadband measures (RR)

Coghill, 2014{#14575} S-AMPH-LDX —a— 0.25[0.15, 0.42]
Spencer, 2006{#15089} S-AMPH-MAS —a— 0.42 [0.26, 0.68]
Childress, 2009{#27156} S-MPH-DEX —a— 0.29[0.18, 0.47]
Greenbhill, 2006{#17665} S-MPH-DEX | 0.20 [0.09, 0.43]
Wigal, 2004{#15041} S-MPH-DEX P 0.31[0.17, 0.58]
Simonoff, 2013{#14570} S-MPH-ER ' { 0.18 [0.07, 0.48]
Weiss, 2021{#13544} S-MPH-ER —a— 0.60 [0.40, 0.89]
Abikoff, 2007{#18292} S-MPH-IR |—-—-—| 0.62 [0.27, 1.44]
Findling, 2011{#17155} S-MPH-LDX —— 0.5210.38, 0.70]
Wolraich, 2001{#15145} S-MPH-OROS —a— 0.36 [0.22, 0.60]
Findling, 2008{#19232} S-MPH-TP P 0.34 [0.16, 0.74]
Findling, 2010{#17270} S-MPH-TP —— 0.47 [0.32, 0.67]
RE Model e 0.38 [0.30, 0.48]
[ I I I I
0.05 0.14 0.37 1 272
Relative Risk

Notes: RE = random effects, RR = relative risk, S-AMPH-DEX = dexmethylphenidate, S-AMPH-LDX = lisdexamfetamine
dimesylate, S-AMPH-MAS = mixed amphetamine salts, S-MPH-ER = extended-release methylphenidate, S-MRH-IR =
immediate release methylphenidate, S-MPH-OROS = osmotic-release oral system methylphenidate, S-MPH-TP = transdermal
patch methylphenidate

The effect estimate for stimulant studies showed a clear effect for individual studies and
across studies in this medication subgroup (RR 0.38; CI 0.30, 0.48; 12 studies, n=1582). Only
one study included children younger than six years old.!%”

A large number of studies reported on ADHD symptoms, and we identified a number of
head-to-head comparisons. The analysis comparing non-stimulants versus stimulants for ADHD
symptoms is shown in Figure 39.
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5. Results: Treatment of ADHD

Figure 39. Comparison: Non-stimulants (all NRI) versus stimulants on ADHD symptoms (SMD)

Bedard, 2015{#19249} ATX vs MPH n—-— 0.26 [-0.02, 0.54]
Dittmann, 2013{#14787} ATX —.— 0.50 [ 0.26, 0.75]
Kratochvil, 2002{#17937} ATX vs MPH —-— 0.01[-0.32, 0.34]
Mount Sinai, 2012{#13888} ATX vs MPH -0.26 [-0.85, 0.34]
Newcorn, 2008{#17455) ATX vs MPH + 0.19[0.01, 0.38]
Wang, 2007{#17513} ATX vs MPH -—-l—- 0.05 [-0.17, 0.27]
Zhu, 2017{#10208} ATX vs MPH — 0.71[0.32, 1.11]
RE Model --—-- 0.23 [-0.03, 0.49]

[ [ I | [ |

-1 05 0 0.5 1 15

Standardized Mean Difference

Notes: ATX = atomoxetine, MPH = methylphenidate, one study not comparing against MPH compared to lisdexamfetamine
dimesylate, NRI = norepinephrine reuptake inhibitors, RE = random effects, SMD = standardized mean difference

Although more studies favored stimulants, across studies, we did not detect a systematic
difference between non-stimulants (all NRI) versus stimulants (different methylphenidate
medications in all but one case) in direct comparisons for ADHD symptoms (SMD 0.23; CI -
0.03, 0.49; 7 studies, n=1611). We detected some heterogeneity (I-squared 69%) in this analysis.
There was no evidence of publication bias. Removing all high-risk of bias studies left three
studies that also found no systematic difference between interventions (SMD 0.28; CI -0.54,
1.10). However, we also analyzed whether indirect comparisons between non-stimulant versus
stimulant studies indicate systematic differences, and we found a statistically significant
difference (p 0.0002). The effect estimates for the subgroups are documented in the following
section. Figure 40 shows the subgroup analysis for non-stimulants reporting on ADHD
symptoms.
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5. Results: Treatment of ADHD

Figure 40. Subgroup analysis: Non-stimulants versus control on ADHD symptoms (SMD)

Concordia Pharm., 2011{#13782} NS-ALA-CLON +—®&———
Daviss, 2008{#15335} NS-ALA-CLON f : !
Hazell, 2003{#14216} NS-ALA-CLON b - !
Jain, 2011{#17129} NS-ALA-CLON ——
Kollins, 2011{#17125} NS-ALA-CLON ——
Connor, 2010{#19254} NS-ALA-GXR +H—®&— :

-0.34 [-0.68, -0.00]
-0.30 [-0.80, 0.21]
-0.16 [-0.64, 0.32]
-0.77 [-1.09, -0.44]
-0.34 [-0.62, -0.06]
-0.89 [-1.19, -0.60]

Hervas, 2014{#19229} NS-ALA-GXR —.— -0.68 [-0.95, -0.41]
Newcomn, 2016{#13247} NS-ALA-GXR —— -0.47 [-0.69, -0.25]
Sallee, 2009{#17319} NS-ALA-GXR ———————i -0.62 [-0.97, -0.26]
Wilens, 2012{#19257} NS-ALA-GXR —— -0.34 [-0.57, -0.11]
van Stralen, 2020{#335} NS-ALA-GXR =~ +——=—— -0.64 [-1.05, -0.22]
Allen, 2005{#17787} NS-NRI-ATX —. -0.56 [-0.89, -0.23]
Bangs, 2007{#17598} NS-NRI-ATX —— : -0.82 [-1.16, -0.48]
Bangs, 2008{#24404} NS-NRI-ATX —. -0.39 [-0.68, -0.10]
Buitelaar, 2007{#17592} NS-NRI-ATX —— 0.04 [-0.27, 0.35]
Dell'Agnello, 2009{#17394} NS-NRI-ATX =~ +————=———1 -0.58 [-0.98, -0.18]
Eli Lilly, 2004{#13893} NS-NRI-ATX —————— -0.72 [-1.13, -0.32]
Eli Lilly, 2006{#13928} NS-NRI-ATX —— -0.58 [-0.94, -0.21]
Gau, 2007{#17568} NS-NRI-ATX : . -0.70 [-1.14, -0.25]
Griffiths, 2018{#477} NS-NRI-ATX —— -0.35 [-0.73, 0.03]
Kelsey, 2004{#24395} NS-NRI-ATX ——— § -0.72 [-1.04, -0.40]
Kratochvil, 2011{#19239} NS-NRI-ATX —_—— -0.51[-0.93, -0.10]
Martenyi, 2010{#17245} NS-NRI-ATX —_— -0.56 [-0.98, -0.14]
Michelson, 2001{#17979} NS-NRI-ATX —— ; -0.60 [-0.91, -0.29]
Michelson, 2002{#17933} NS-NRI-ATX —. 5 -0.60 [-0.91, -0.29]
Montoya, 2009{#17348} NS-NRI-ATX — § -0.67 [-1.02, -0.33]
Newcorn, 2008{#17455} NS-NRI-ATX —.— ; -0.57 [-0.84, -0.30]
Prasad, 2007{#17526} NS-NRI-ATX ——— g -0.75 [-1.03, -0.46]
Spencer, 2002{#24394} NS-NRI-ATX ~ +——a——— ; -0.79 [-1.13, -0.45]
Spencer, 2002{#28632} NS-NRI-ATX —_— -0.65 [-1.03, -0.26]
Spencer, 2008{#18353} NS-NRI-ATX —_— -0.57 [-0.94, -0.20]
Takahashi, 2009{#17312} NS-NRI-ATX — | -0.44 [-0.80, -0.07]
Weiss, 2005{#18388} NS-NRI-ATX —— -0.44 [-0.78, -0.10]
Nasser, 2020{#259} NS-NRI-VLX —.— -0.48 [-0.70, -0.26]
Nasser, 2021{#2978} NS-NRI-VLX —a— -0.26 [-0.54, 0.03]
Nasser, 2021{#3004} NS-NRI-VLX —— -0.39 [-0.68, -0.11]
Nasser, 2021{#3054} NS-NRI-VLX —— -0.36 [-0.64, -0.09]
RE Model <> -0.52 [-0.59, -0.46]
| | | 1 |
15 -1 05 0 0.5

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, NS-NRI-ATX = atomoxetine, NS-ALA-CLON = clonidine, NS-ALA-
GXR = guanfacine, NS-NRI-VLX = viloxazine, RE = random effects, SMD = standardized mean difference

In the subgroup of non-stimulant studies, results were associated with a reduction in ADHD
symptoms measured as a continuous variable (SMD -0.52; CI -0.59, -0.46; 37 studies, n=6065).
Only one study included children younger than six years old.>’® Results for the subgroup of
stimulant studies on ADHD symptoms are shown in Figure 41.

93



5. Results: Treatment of ADHD

Figure 41. Subgroup analysis: Stimulants versus control on ADHD symptoms (SMD)

Banaschewski, 2013{#14417} S-AMPH-LDX——&—— -1.53 [-1.83, -1.23]
Coghill, 2014{#14575} S-AMPH-LDX —a— -1.46 [-1.82, -1.09]
Ichikawa, 2020{#330} S-AMPH-LDX | | -1.34 [-2.03, -0.64]
Brams, 2018{#514} S-AMPH-MAS ——— -0.76 [-1.01, -0.51]
Mattingly, 2020{#3060} S-AMPH-MAS —— -0.77 [-1.20, -0.34]
Childress, 2009{#27156} S-MPH-DEX —— -1.02 [-1.40, -0.64]
Simonoff, 2013{#14570} S-MPH-ER n—-—| -0.33[-0.69, 0.02]
Abikoff, 2007{#18292} S-MPH-IR |—-—| -0.43 [-0.86, 0.00]
Abikoff, 2009(#17420} S-MPH-OROS : -0.68 [-1.33, -0.02]
Seattle Children's Hospital, 2015{#27077} S-MPH-ORES | -0.67 [-1.23, -0.11]
Wolraich, 2001{#15145} S-MPH-OROS —.— -0.77 [-1.07, -0.47]
Findling, 2010{#17270} S-MPH-TP ——— -0.80 [-1.10, -0.51]
RE Model e -0.88 [-1.13, -0.63]

| T T I T 1 |
25 2 15 1 05 0 05

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, S-AMPH-LDX = lisdexamfetamine, S-AMPH-MAS = mixed
amphetamines salts, S-MPH-DEX = dexmethylphenidate, S-MPH-ER = extended release methylphenidate, S-MPH-IR =
immediate release methylphenidate, S-MPH-OROS = osmotic-release oral system methylphenidate, S-MPH-TP = dermal patch
methylphenidate, RE = random effects, SMD = standardized mean difference

In the subgroup of stimulant studies, treatment was associated with a substantial reduction in
ADHD symptoms (SMD -0.88; CI -1.13, -0.63; 12 studies, n=1620). Only one study included
children younger than six years old.!%” None of the direct, head-to-head trials reported on
symptom improvement as a categorical measure (e.g., treatment response vs not). An indirect
comparison suggested that non-stimulant versus stimulant studies report statistically significantly
different results for categorical ADHD symptom measures (p 0.02). The subgroups are shown
separately in Figure 42 and Figure 43.
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Figure 42. Subgroup analysis: Non-stimulants versus control on ADHD symptoms (RR)

Hazell, 2003{#14216} NS-ALA-CLON I—-—-—| 2.04 [0.82, 5.0€]
Block, 2009{#19273} NS-NRI-ATX I—I—| 1.07 [0.84, 1.35]
Buitelaar, 2007{#17592} NS-NRI-ATX I | 4.94 [1.12, 21.858]
Dell’Agnello, 2009{#17394} NS-NRI-ATX I i 4.17 [1.38, 12.56]
Harfterkamp, 2012{#24399} NS-NRI-ATX i 2.30 [0.76, 6.96]
Kelsey, 2004{#24395} NS-NRI-ATX —— 1.88 [1.28, 2.75]
Prasad, 2007{#17526} NS-NRI-ATX i 1.63 [1.27, 2.08]
Svanborg, 2009{#17314} NS-NRI-ATX I—-l—| 1.15[0.87, 1.52]
Johnson, 2020{#272} NS-NRI-VLX l-'—I—i 1.491[0.92, 2.40]
Nasser, 2021{#2978} NS-NRI-VLX I—I—| 1.45[1.03, 2.06]
Nasser, 2021{#3004} NS-NRI-VLX I—I—| 1.60 [1.06, 2.42]
Nasser, 2021{#3054} NS-NRI-VLX —— 1.66 [1.13, 2.43]
RE Model - 1.51[1.26, 1.81]
[ I I I I I
0.37 1 272 7.39 20.09 54.6
Relative Risk

Notes: ADHD = attention deficit hyperactivity disorder, NS-NS-NRI-ATX atomoxetine, NS-ALA-CLON clonidine, NS-NRI-
VLX viloxazine, RE = random effects, RR = relative risk

In the subgroup of non-stimulant studies, we found a clear treatment effect on ADHD
symptoms (RR 1.51; CI 1.26, 1.81; 12 studies, n=1765). However, only three non-stimulant
studies contributed to the analysis (atomoxetine, viloxazine, and clonidine). None of the studies
included children under the age of six. However, the effect was not as pronounced as in the
single stimulant study that was identified (evaluating lisdexamfetamine dimesylate), which
reported a very large treatment effect versus control (RR 4.28; CI 2.49, 7.35; 1 study, n=153).2%2

We did not identify studies reporting on functional impairment in a head-to-head
comparison. Indirect analyses comparing non-stimulant versus stimulant studies showed a
statistically significant result (p 0.04). Subgroup analyses are shown in Figure 43.
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Figure 43. Subgroup analysis: Non-stimulants versus control on functional impairment (SMD)

Concordia, 2011{#13782} NS-ALA-CLOM i -0.00 [-0.34, 0.34]

Buitelaar, 2007{#17592) NS-NRI-ATX n—-—| 0.02 [-0.29, 0.33]
Michelson, 2001{#17979} NS-NRI-ATX ————— 0.51[0.20, 0.82]
Nasser, 2020{#259} NS-NRI-VLX ——— 0.420.19, 0.64]
Nasser, 2021{#2978} NS-NRI-VLX |—-—| -0.04 [-0.33, 0.24]
Nasser, 2021{#3004} NS-NRI-VLX n——-—| 0.21 [-0.07, 0.50]
RE Model --—-- 0.20 [-0.05, 0.44]

[ I [ |

05 0 0.5 1

Standardized Mean Difference

Notes: NS-NS-NRI-ATX = atomoxetine, NS-ALA-CLON = clonidine, NS-NRI-VLX = viloxazine, RE = random effects, SMD =
Standardized Mean Difference

In the subgroup of non-stimulant studies, treatment was associated with a small but not
statistically significant improvement in functional impairment (SMD 0.20; CI -0.05, 0.44; 6
studies, n=1163). However, only atomoxetine, viloxazine, and clonidine studies contributed to
the analysis. None of the studies included children under the age of six. The equivalent analysis
for stimulant studies is shown in Figure 44.
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Figure 44. Subgroup analysis: Stimulants versus control on functional impairment (SMD)

Tris Pharma, 2014{#13784} S-AMPH —— 1.90 [ 1.43, 2.37]
Banaschewski, 2013{#14417} S-AMPH-LDX;  +—— 0.58 [ 0.30, 0.85]
Abikoff, 2007{#18292} S-MPH-IR —— 0.14 [-0.32, 0.60]
Wigal, 2011{#17070} S-MPH-OROS —— 1.41[1.06, 1.76]
RE Model e ———— 1.00 [-0.25, 2.26]

Standardized Mean Difference

Notes: S-AMPH = amphetamine not further specified, S-AMPH-LDX = lisdexamfetamine dimesylate, S-MPH-IR = immediate
release methylphenidate, RE = random effects, S-MPH-OROS = osmotic-release oral system methylphenidate, SMD =
Standardized Mean Difference

In the subgroup of stimulant studies, treatment was not associated with statistically
significant improvement in functional impairment across studies (SMD 1.00; CI -0.25, 2.26; 4
studies, n=540). Only one study included children younger than 6 years old.!®”

There were insufficient studies for analyses regarding treatment satisfaction as well as
academic performance. Both direct and indirect comparisons could not be analyzed due to the
small number of identified studies.

Results for direct comparisons between non-stimulants and stimulants for appetite
suppression are shown in Figure 45.
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Figure 45. Comparison: Non-stimulants (all NRI atomoxetine) versus stimulants on appetite
suppression (RR)

Cetin, 2015{#15933} ATX vs MPH 1.03 [0.07, 16.15]
Dittmann, 2013{#14787} ATX —— 0.41[0.23, 0.72]
Kratochvil, 2002{#17937} ATX vs MPH  » - 0.54 [0.11, 2.70]
Mount Sinai, 2012{#13888} ATX vs MPH 0.50 [0.10, 2.45]
Sangal, 2006{#17628} ATX vs MPH —-—- 0.47 [0.23, 0.98]
Su, 2016{#13455} ATX vs MPH I 0.95[0.84, 1.08]
Wang, 2007{#17513} ATX vs MPH + 1.46 [0.98, 2.16]
Zhu, 2017{#10208} ATX vs MPH .—-—. 1.25[0.86, 1.82]
RE Model --- 0.82[0.53, 1.26]

T T T T T 1
0.05 0.14 0.37 1 272 7.39

Relative Risk

Notes: ATX = atomoxetine, MPH = methylphenidate; all comparison to MPH except one to lisdexamfetamine dimesylate, NRI =
norepinephrine reuptake inhibitors, RE = random effects, RR = relative risk

Across studies, we found no systematic difference between non-stimulant (all identified
studies evaluated the NRI atomoxetine) versus stimulants (RR 0.82; C10.53, 1.26; 8 studies,
n=1463). No alpha agonists or NRIs other than atomoxetine contributed to this analysis. There
continued to be heterogeneity (I-squared 78%). There was no evidence of publication bias.
Removing high-risk of bias studies in a sensitivity analysis left only two studies; results
remained not statistically significantly different between interventions (RR 1.34: CI 0.51, 3.52).
When restricting the comparator to methylphenidate to determine whether the comparator is a
source of heterogeneity, we found no systematic difference between NRI and methylphenidate
medication interventions either and heterogeneity was reduced, but in this subset, all seven
studies compared atomoxetine versus methylphenidate medications (RR 0.98; C10.67, 1.44; I-
squared 58%). Results varied, sometimes favoring the NRI atomoxetine, sometimes the
methylphenidate medications and across studies, no systematic difference was detected.
Publication bias was not detected. An indirect comparison did not detect systematic differences
between non-stimulant and stimulant studies for appetite suppression (p 0.31).

The comparative studies reporting sufficient detail to compute effect sizes for the number of
participants with adverse events is shown in Figure 46.
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Figure 46. Comparison: Non-stimulants (all NRI atomoxetine) versus stimulants on participants
with adverse events (RR)

Cetin, 2015{#15933} ATX vs MPH —_—— 0.87 [0.50, 1.53]
Dittmann, 2013{#14787} ATX —— 0.99 [0.85, 1.15]
Mount Sinai, 2012{#13888} ATX vs MPH : 1.50 [0.49, 4.59]
Wang, 2007{#17513} ATX vs MPH s ¥ 1.28 [1.14, 1.45]
RE Model i 1.11[0.83, 1.48]

| I i I I I |
0.37 0.61 1 1.65 272 448 T7.39

Relative Risk

Notes: ATX atomoxetine, MPH methylphenidate; all studies compared to MPH except one to lisdexamfetamine dimesylate, RI =
norepinephrine reuptake inhibitors, RE = random effects, RR = relative risk

Across studies, we found no systematic difference between non-stimulant (all identified
studies were the NRI atomoxetine) versus stimulant interventions for the number of participants
reporting adverse events (RR 1.11; C10.90, 1.37; 4 studies, n=756). There was some indication
of heterogeneity (I-squared 63%). There was no evidence of publication bias. Removing high-
risk of bias studies left one study comparing the NRI atomoxetine with methylphenidate (not
further specified); the study favored stimulants (RR 1.28; CI 1.14, 1.45).6% We also evaluated in
indirect comparisons across studies whether non-stimulant and stimulant studies vary
systematically in effect size reporting. However, we did not detect an effect (p 0.12).

5.3.2.1.3 Stimulant Comparisons: Amphetamine Versus Methylphenidate

A small number of included studies compared amphetamine and methylphenidate in direct,
head-to-head comparisons.

We did not identify any studies reporting on individual behaviors for a direct comparison of
amphetamine and methylphenidate and indirect comparisons across studies also had insufficient
number of studies for analyses for continuous as well as categorical outcomes.

A single study reported on a broadband measure and found more positive change in
lisdexamfetamine dimesylate (an amphetamine) versus osmotic-release oral system
methylphenidate (SMD 0.29; CI 0.02, 0.56; 1 study, n=211).!3! Indirect comparisons across
studies did not detect a systematic difference between amphetamine and methylphenidate studies
(continuous outcomes p 0.97, categorical outcomes p 0.80). Figure 47 shows the results for the
subgroup of amphetamine stimulants separately from those of methylphenidate.
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Figure 47. Subgroup analysis: Amphetamine versus control on broadband measures (SMD)

Banaschewski, 2013{#14417} S-AMPH-LDX — 1.2410.94, 1.53]
Brams, 2018{#514} S-AMPH-MAS —— 0.66 [ 0.42, 0.91]
Mattingly, 2020{#3060} S-AMPH-MAS n——-—| 0.10 [-0.32, 0.52]
RE Model ——————_—————— 0.68 [-0.72, 2.08]
| | | | | |
0.5 0 0.5 1 1.5 2

Standardized Mean Difference

Notes: S-AMPH-LDX = lisdexamfetamine dimesylate, S-AMPH-MAS = mixed amphetamines salts, RE = random effects, SMD
= standardized mean difference

Although all identified amphetamine studies in this subgroup reported positive effects,
estimates varied and the pooled effect was not statistically significant (SMD 0.68; CI -0.72, 2.08;
3 studies, n=561). The analysis suggested substantial heterogeneity despite the small number of
studies (I-squared 92%). There was no evidence of publication bias. None of the studies was
determined to be high-risk of bias. The equivalent subgroup analysis for the stimulant
methylphenidate is shown in Figure 48.
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Figure 48. Subgroup analysis: Methylphenidate versus control on broadband measures (SMD)

Abikoff, 2007{#18292} S-MPH-IR I | 0.72[0.34, 1.10]
Findling, 2008{#19232} §-MPH-TP 1 » | 0.62 [0.33, 0.92]
RE Model e —— 0.66 [0.04, 1.28]
[ I I | I I
02 04 0.6 0.8 1 12

Standardized Mean Difference

Notes: S-MPH-IR = immediate release methylphenidate, S-MPH-TP = transdermal patch methylphenidate, RE = random effects,
SMD = standardized mean difference

The methylphenidate studies that compared to a passive control showed positive effects on
broadband measures (SMD 0.66; 0.04, 1.28; 2 studies, n=302).

The single direct comparison study also reported better ADHD symptom control with the
amphetamine lisdexamfetamine dimesylate versus osmotic-release oral system methylphenidate
(SMD -0.46; CI -0.73, -0.19; 1 study, n=222)."3! Indirect comparisons detected a statistically
significant difference across studies for the continuous outcome analysis (p 0.02). Figure 49
shows the results separately for the two stimulant subgroups given that one study found a
difference in reported effects in a head-to-head comparison of the two types of stimulants.
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Figure 49. Subgroup analysis: Amphetamine versus control on ADHD symptoms (SMD)

Banaschewski, 2013{#14417} S-AMPH-LDX ——&—— -1.53 [-1.83, -1.23]
Coghill, 2014{#14575} S-AMPH-LDX — -1.46 [-1.82, -1.09]
Ichikawa, 2020{#330} S-AMPH-LDX | -1.34 [-2.03, -0.64]
Brams, 2018{#514} S-AMPH-MAS — -0.76 [-1.01, -0.51]
Mattingly, 2020{#3060} S-AMPH-MAS — -0.77 [-1.20, -0.34]
RE Model e -1.16 [-1.64, -0.67]

| | | I | |

25 2 15 1 05 0

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, S-AMPH-LDX = lisdexamfetamine dimesylate, SM-AMPH-MAS = mixed
amphetamines salts, RE = random effects, SMD = Standardized Mean Difference

In the subgroup of amphetamine studies, we found a significant effect of treatment
(SMD -1.16; CI -1.64, -0.67; 5 studies, n=757). None of the studies included children under the
age of 6. The subgroup analysis results for methylphenidate studies are shown in Figure 50.
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Figure 50. Subgroup analysis: Methylphenidate versus control on ADHD symptoms (SMD)

Childress, 2009{#27156} S-MPH-DEX +————&——— -1.02 [-1.40, -0.64]
Simonoff, 2013{#14570} S-MPH-ER n—-—+ -0.33[-0.69, 0.02]
Abikoff, 2007{#18292} S-MPH-IR : = -0.43 [-0.86, 0.00]
Abikoff, 2009{#17420} S-MPH-OROS | -0.68 [-1.33, -0.02]
Seattle Children's, 2015{#27077} S-MPH-ORSS | -0.67 [-1.23, -0.11]
Wolraich, 2001{#15145} S-MPH-OROS —.— -0.77 [-1.07, -0.47]
Findling, 2010{#17270} S-MPH-TP — -0.80 [-1.10, -0.51]
RE Model e -0.68 [-0.91, -0.46]
| I | | |
15 -1 -0.5 0 0.5

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, S-MPH-DEX = dexmethylphenidate, S-MPH-ER = extended release
methylphenidate, S-MPH-IR = immediate release methylphenidate, S-MPH-OROS = osmotic-release methylphenidate, S-MPH-
TP = transdermal patch methylphenidate, RE = random effects, SMD = Standardized Mean Difference

In the subgroup of methylphenidate studies, we found a significant treatment effect, but
effect estimates were smaller (SMD -0.68; CI -0.91, -0.46; 7 studies, n=863). Only one study
included children younger than 6 years old.!” Indirect comparisons between amphetamine and
methylphenidate using categorical data were not statistically significant (p 0.57).

There was no statistically significant difference in functional impairment in a head-to-head
comparison of the two stimulants (SMD 0.16; CI-0.11, 0.43; 1 study, n=211).!3! The indirect
comparison across studies did also not detect a systematic difference (p 0.68).

We identified no studies that reported on treatment satisfaction or academic performance in
direct head-to-head comparisons and there were insufficient data for indirect analyses.

Results for direct comparisons between amphetamine and methylphenidate on the outcome
appetite suppression are shown in Figure 51.
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Figure 51. Comparison: Amphetamine versus methylphenidate on appetite suppression (RR)

Banaschewski, 2013(#14417} LDX vs MPH —— 1.06 [0.58, 1.95]
Duke University, 2009b{#28649} LDX vsrvPH 0.74[0.13, 4.21]
Duke University, 2009{#13823} MAS vs MPH 0.911[0.16, 5.17]
RE Model e 1.01[0.72, 1.42]
| | | i | |
0.05 014 037 1 272 7.39
Relative Risk

Notes: LDX = lisdexamfetamine dimesylate, MPH = methylphenidate, RE = random effects, RR = relative risk

The two studies reporting on appetite suppression did not find a difference between the
amphetamine lisdexamfetamine dimesylate versus osmotic-release oral system methylphenidate,
lisdexamfetamine dimesylate versus methylphenidate transdermal system, or mixed
amphetamines salts versus osmotic-release oral system methylphenidate (RR 1.01; C10.72, 1.42;
3 comparisons, n=414). Similarly, indirect comparisons across studies did also not detect a
statistically significant difference between the two stimulant classes for the categorical outcome
analysis (p 0.08). Although the continuous outcome analysis was borderline statistically
significant (p 0.05), only one study each contributed to the analysis. Both studies compared to
placebo and none found a statistically significant difference between study arms (amphetamine
SMD 0.17; CI-0.14, 0.48; 1 study, n=157; methylphenidate SMD 0.22; C1-0.41, 0.84; 1 study,
n=40).202 383

One study documenting the number of participants reporting adverse event found no
statistically significant difference between stimulant classes (RR 1.11; C10.93, 1.33; 1 study,
n=222); the study compared lisdexamfetamine dimesylate and osmotic-release oral system
methylphenidate.!3! Similarly, indirect comparisons did also not detect a difference between
amphetamines and methylphenidate regarding the number of participants reporting adverse
events (p 0.35).

5.3.2.1.4 Non-Stimulant Comparisons: NRIs Versus Alpha Agonists

We identified a study directly comparing an alpha agonist (guanfacine) with an NRI
(atomoxetine) in a head-to-head trial, but the study did not report on problem behaviors.**® In
indirect comparisons, there were no differences for problem behaviors (p 0.31).

The guanfacine versus atomoxetine study detected no difference (RR 0.84; CI 0.68, 1.04; 1
study, n=226) for a categorical broadband measure (number of improved patients per Clinical
Global Impression [CGI]).>?® Indirect comparisons across studies also did not identify a
systematic difference between NRIs and alpha agonists for broadband measures (continuous p
0.41, categorical p 0.19).
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The same identified study comparing guanfacine with atomoxetine*?® found that ADHD
symptom improvement favored guanfacine over atomoxetine (SMD -0.47; C1-0.73, -0.2; 1
study, n=226). Indirect comparisons, however, did not suggest that alpha agonists systematically
report different estimates for ADHD symptoms (continuous p 0.90, categorical p 0.57).

The following shows the subgroup results for NRI studies versus control separately for
ADHD symptoms, given that a direct comparison of guanfacine versus atomoxetine study found

a difference in effects (Figure 52).

Figure 52. Subgroup analysis: NRIs versus control on ADHD symptoms (SMD)

Hervas, 2014{#19229} NS-ALA-GXR — -0.68 [-0.95, -0.41]
Allen, 2005{#17787} NS-NRI-ATX — -0.56 [-0.89, -0.23]
Bangs, 2007{#17598} NS-NRI-ATX —y i -0.82 [-1.16, -0.48]
Bangs, 2008{#24404} NS-NRI-ATX —— -0.39 [-0.68, -0.10]
Buitelaar, 2007{#17592} NS-NRI-ATX —— 0.04 [-0.27, 0.35]
Dell'Agnello, 2009{#17394} NS-NRI-ATX —_— -0.58 [-0.98, -0.18]
Eli Lilly, 2004{#13893} NS-NRI-ATX —_— -0.72 [-1.13, -0.32]
Eli Lilly, 2006{#13928} NS-NRI-ATX —_— -0.58 [-0.94, -0.21]
Gau, 2007{#17568} NS-NRI-ATX —_— -0.70 [-1.14, -0.25]
Griffiths, 2018{#477} NS-NRI-ATX i -0.35 [-0.73, 0.03]
Kelsey, 2004{#24395} NS-NRI-ATX — § -0.72 [-1.04, -0.40]
Kratochvil, 2011{#19239} NS-NRI-ATX —_— -0.51[-0.93, -0.10]
Martenyi, 2010{#17245} NS-NRI-ATX —_— -0.56 [-0.98, -0.14]
Michelson, 2001{#17979} NS-NRI-ATX —— -0.60 [-0.91, -0.29]
Michelson, 2002{#17933} NS-NRI-ATX —— -0.60 [-0.91, -0.29]
Montoya, 2009{#17348} NS-NRI-ATX — -0.67 [-1.02, -0.33]
Newcorn, 2008{#17455} NS-NRI-ATX —a— -0.57 [-0.84, -0.30]
Prasad, 2007{#17526} NS-NRI-ATX —— -0.75 [-1.03, -0.46]
Spencer, 2002{#24394} NS-NRI-ATX —— : -0.79 [-1.13, -0.45]
Spencer, 2002{#28632} NS-NRI-ATX —_— -0.65 [-1.03, -0.26]
Spencer, 2008{#18353} NS-NRI-ATX —_— -0.57 [-0.94, -0.20]
Takahashi, 2009{#17312} NS-NRI-ATX —_— -0.44 [-0.80, -0.07]
Weiss, 2005{#18388} NS-NRI-ATX — -0.44 [-0.78, -0.10]
Willens, 2011{#15087} NS-NRI-ATX ~ +————— -1.02 [-1.46, -0.57]
Nasser, 2020{#259} NS-NRI-VLX —.— -0.48 [-0.70, -0.26]
Nasser, 2021{#2978} NS-NRI-VLX — . -0.26 [-0.54, 0.03]
Nasser, 2021{#3004} NS-NRI-VLX —— -0.39 [-0.68, -0.11]
Nasser, 2021{#3054} NS-NRI-VLX —— -0.36 [-0.64, -0.09]
RE Model & -0.55 [-0.62, -0.47]
[ [ [ [ |
15 -1 05 0 0.5

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, NS-NRI-GXR/NS-NRI-ATX = atomoxetine, NS-NRI-VLX =

viloxazine, RE = random effects, SMD = standardized mean difference
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In the subgroup of NRI studies, we found a clear effect on ADHD symptoms (SMD -0.55; CI
-0.62, -0.47; 28 studies, n=4493). Only one study included children younger than 6 years old.?”

The equivalent analysis for the subgroup of alpha agonist studies is shown in Figure 53.

Figure 53. Subgroup analysis: Alpha agonists versus control on ADHD symptoms (SMD)

Concordia Pharm., 2011{#13782} NS-ALA-CLON I—I—l

-0.34 [-0.68, -0.00]
Daviss, 2008{#15335} NS-ALA-CLON : -0.30 [-0.80, 0.21]
Hazell, 2003{#14216} NS-ALA-CLON : -0.16 [-0.64, 0.32]
Jain, 2011{#17129} NS-ALA-CLON ——y -0.77 [-1.09, -0.44]
Kollins, 2011{#17125} NS-ALA-CLON —a— -0.34 [-0.62, -0.06]
Connor, 2010{#19254} NS-ALA-GXR ~ ——&—— -0.89 [-1.19, -0.60]
Hervas, 2014{#19229} NS-ALA-GXR —a— -0.68 [-0.95, -0.41]
Newcorn, 2016{#13247} NS-ALA-GXR — -0.47 [-0.69, -0.25]
Sallee, 2009{#17319} NS-ALA-GXR — -0.62 [-0.97, -0.26]
Wilens, 2012{#19257} NS-ALA-GXR —— -0.34 [-0.57, -0.11]
van Stralen, 2020{#335} NS-ALA-GXR =~ ————=—— -0.64 [-1.05, -0.22]
RE Model e -0.52 [-0.67, -0.37]

[ I I [ I
-1.5 -1 -0.5 0 0.5

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, NS-ALA-CLON = clonidine, NS-ALA-GXR = guanfacine extended-
release, RE = random effects, SMD = standardized mean difference

In the smaller subgroup of alpha agonist studies, we also found a clear effect on ADHD
symptoms (SMD -0.52; C1-0.67, -0.37; 11 studies, n=1885). It should be noted that the small
difference between NRI versus control and alpha agonists versus control effect estimates was not
statistically significant and is therefore indistinguishable from chance. None of the studies in this
subgroup reported on children younger than 6 years of age.

Indirect comparisons across studies did not suggest a systematic difference in effects reported
by NRI versus alpha agonist studies on functional impairment (p 0.46) and we found no head-to-
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head comparison between NRI and alpha agonist studies. Effects for treatment satisfaction and
academic performance could not be evaluated in direct or indirect analyses due to lack of data.

The only identified study that reported a direct comparison between alpha agonists and NRIs
found statistically significantly fewer instances of decreased appetite for guanfacine versus
atomoxetine (RR 0.48; CI1 0.27, 0.83; 1 study, n=226).%?® Similarly, indirect comparisons
indicated a significant difference between NRIs and alpha agonists for the outcome appetite
suppression (categorical p 0.01). Subgroup results for appetite suppression are shown in Figure
54.

Figure 54. Subgroup analysis: NRIs versus control on appetite suppression (RR)

Hervas, 2014{#19229} NS-ALA-GXR — 1.22[0.60, 2.48]

Allen, 2005{#17787} NS-NRI-ATX e 5.68 [1.32, 24.52]
Bangs, 2007{#17598} NS-NRI-ATX - 4.311[0.97, 19.25]
Bangs, 2008{#24404} NS-NRI-ATX e 17.05 [2.39, 121.72]
Block, 2009{#19273} NS-NRI-ATX D 4.47 [1.33, 15.05]
Dell'Agnelio, 2009{#17394} NS-NRI-ATX . 3.59 [1.18, 10.89]

Eli Lilly, 2004{#13893} NS-NRI-ATX 1 5.81[0.35, 97.10]
Eli Lilly, 2006{#13928} NS-NRI-ATX : 1 6.89 [0.36, 130.46]
Gau, 2007{#17568} NS-NRI-ATX —m— 2.46 [1.03, 5.84]

Geller, 2007{#18394} NS-NRI-ATX —— 3.81[1.10, 13.13]
Harfterkamp, 2012{#24399} NS-NRI-ATX —— 4.42[1.34, 14.55]
Kelsey, 2004{#24395} NS-NRI-ATX —a— 2.77 [1.00, 7.66]
Kratochvil, 2011{#19239} NS-NRI-ATX FR——— 3.62[1.27, 10.28]
Michelson, 2001{#17979} NS-NRI-ATX F—a— 2.50[0.82, 7.65]
Michelson, 2002{#17933} NS-NRI-ATX —— 3.40[1.31, 8.80]
Montoya, 2009{#17348} NS-NRI-ATX S 3.44[1.27, 9.31]
Prasad, 2007{#17526} NS-NRI-ATX — 0.93[0.36, 2.39]
Spencer, 2008{#18353} NS-NRI-ATX —— 10.10 [1.35, 75.72]
Svanborg, 2009{#17314} NS-NRI-ATX — | 7.14[0.38, 134.71]
Takahashi, 2009{#17312} NS-NRI-ATX P —a—y 6.61[1.56, 28.06]
Wehmeier, 2012{#19288} NS-NRI-ATX ——————— 0.49[0.05, 5.29]
Weiss, 2005{#18388} NS-NRI-ATX P 12.36 [1.72, 88.80]
Johnson, 2020{#272} NS-NRI-VLX R 1.96 [0.45, 8.53]
Nasser, 2020{#259} NS-NRI-VLX y | 24.69 [1.47, 413.52]
Nasser, 2021{#2978} NS-NRI-VLX i 2.13[0.45, 9.99]
Nasser, 2021{#3004} NS-NRI-VLX } | 17.50 [1.02, 299.31]
Nasser, 2021{#3054} NS-NRI-VLX | 18.82 [1.11, 319.24]
RE Model S 3.23[2.40, 4.34]

| | T T | | |
0.02 0.14 1 7.39 546 403.43

Relative Risk

Notes: NRI = norepinephrine reuptake inhibitors, NS-NRI-GXR/NS-NRI-ATX = atomoxetine, NS-NRI-VLX = viloxazine, RE =
random effects, RR = relative risk
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In the subgroup of NRI studies, we found a substantially increased risk of appetite
suppression (RR 3.23; CI 2.40, 4.34; 27 studies, n=4176). Only one study included children
younger than six years old.>’® The equivalent analysis for the subgroup of alpha agonist studies is
shown in Figure 55 .

Figure 55. Subgroup analysis: Alpha agonists (all guanfacine) versus control on appetite
suppression (RR)

Biederman, 2008{#17495} NS-ALA-GXRt { 2.50 [0.50, 12.54]
Hervas, 2014{#19229} NS-ALA-GXR I—.—| 1.22 [0.60, 2.48]
Wilens, 2012{#19257} NS-ALA-GXR I - { 1.53[0.56, 4.19]
Young, 2014{#15140} NS-ALA-GXR I { 2.09 [0.54, 8.16]
RE Model -'.— 1.49 [0.94, 2.37]
| i T T |
0.37 1 2.72 7.39 20.09
Relative Risk

Notes: NS-ALA-GXR = guanfacine, RE = random effects, RR = relative risk

Unlike in the NRI studies, in the subgroup of alpha agonist (all guanfacine) studies, no
statistically significant effect of appetite suppression was detected because confidence intervals
were wider in this small subgroup (RR 1.49; CI 0.94, 2.37; 4 studies; n=919). Only guanfacine
evaluations contributed to this result as no clonidine study reported on the outcome.

The one identified study that reported a direct comparison between NRIs and alpha agonists
found no differences in the number of patients experiencing adverse events (RR 1.14; C1 0.97,
1.34; 1 study, n=226) between the interventions; the study compared guanfacine to atomoxetine,
specifically.*?® Potential differential effects for the number of participants reporting adverse
events were not statistically significant in indirect comparisons across non-stimulants (p 0.06).
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5.3.2.1.5 Drug Class Comparison: Methylphenidate Versus Amphetamine
Versus NRIs Versus Alpha Agonists

The review identified over 100 studies evaluating dozens of FDA-approved medication
treatments for ADHD. In addition to differentiating between stimulants and non-stimulants, we
also tried to determine whether there are systematic differences between the four drug classes
methylphenidate (stimulant), amphetamine (stimulant), NRI (non-stimulant), and alpha agonist
(non-stimulant). A meta-regression across studies evaluated whether the drug class is associated
with effect sizes.

For behavior outcomes, indirect comparisons did not detect a statistically significant
difference in effect sizes (p 0.42).

Indirect analyses for the outcome broadband measures, however, indicated differences
between intervention class across studies (p 0.002). Specifically, the analysis suggested that
amphetamine studies (p<0.001) and methylphenidate studies (p<0.001) reported larger effects
than alpha agonist studies. The subgroup of amphetamine studies reported the largest effect, but
estimates varied across studies, and the pooled effect was not statistically significant in this small
subgroup (SMD 0.68; CI -0.72, 2.08; 3 studies, n=561). The subgroup of methylphenidate
studies that compared to a passive control showed statistically significant positive effects on
broadband measures (SMD 0.66; 0.04, 1.28; 2 studies, n=302). The subgroup of alpha agonist
studies reported a smaller effect, but the estimate was also statistically significant (SMD 0.45; CI
0.22, 0.68; 4 studies, n=509). The subgroup of NRI studies reported statistically significant
effects and the effect size was between those of the stimulant and alpha agonist studies (SMD
0.53; CI1 0.44, 0.63; 20 studies, n=3183).

For ADHD symptoms, the meta-regression suggested conflicting results with a statistically
significant result for the overall test (omnibus test p 0.04) but not any of the individual
parameters. The subgroup of amphetamine studies reported the largest and statistically
significant effect (SMD -1.16; CI -1.64, -0.67; 5 studies, n=757). The subgroup of alpha agonist
studies reported smaller but statistically significant effects (SMD 0.52; CI -0.67, -0.37; 11
studies, n=1885). The subgroup of NRI studies also reported statistically significant effects with
the size of effect similar to alpha agonist studies (SMD 0.55; CI -0.62, -0.47; 28 studies,
n=1925). The subgroup of methylphenidate studies reported slightly larger effects than the non-
stimulant studies and the effect of the intervention was also statistically significant versus control
(SMD -0.68; CI1-0.91, -0.46; 7 studies, n=863).

Analyses for functional impairment did not detect a statistically significant difference in
effect sizes (p 0.23). Insufficient studies were available for treatment satisfaction and academic
performance.

For appetite suppression, the continuous outcome analysis did not detect a statistically
significant effect (p 0.10), but the categorical outcomes indicated differences between
intervention classes across studies (p 0.005). Specifically, the analysis suggested that
amphetamine studies (p<0.001) and NRIs studies (p 0.02) report systematically different effect
estimates from alpha agonist studies. The subgroup of amphetamine studies reported the largest
and statistically significant effect (RR 7.08; CI 2.72, 18.42; 8 studies, n=1229). The subgroup of
NRI studies reported smaller but also statistically significant effects (RR 3.23; CI 2.40, 4.24, 27
studies, n=4176). The subgroup of alpha agonist studies reported an even smaller effect (RR
1.49; C10.94, 2.37; 4 studies, n=919) and the difference to the control group was not statistically
significant because the confidence interval just crossed the point of no effect. However, only
guanfacine studies contributed to this finding and results for the drug class of alpha agonists are
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not known. The subgroup of methylphenidate studies reported statistically significant effects and
effect sizes were between those of NRI studies and alpha agonist studies (RR 2.80; CI 1.47, 5.32;
8 studies, n=1110).

Analysis for the total number of participants reporting adverse events showed a borderline
statistically significant effect (p 0.05), suggesting potentially differential effects for amphetamine
studies (p 0.02) and NRI studies (p 0.03). The subgroup of amphetamine studies reported
statistically significant effects (RR 1.41; CI 1.25, 1.58; 8 studies, n=1151). The subgroup of NRI
studies reported a slightly smaller but statistically significant effect (RR 1.31; CI 1.18, 1.46; 15
studies, n=2600). The subgroup of alpha agonist studies reported a slightly smaller but also
statistically significant effect (RR 1.21; CI 1.11, 1.31; 14 studies, n=2544). The subgroup of
methylphenidate studies reported an effect most similar to NRI studies, and the estimate was also
statistically significant (RR 1.32; CI 1.25, 1.40; 6 studies, n=945).

All analyses should be interpreted with caution as they are based on an indirect analysis
across studies rather than on direct, head-to-head comparisons between medications.

5.3.2.3 FDA-Approved Pharmacologic ADHD Treatment Summary of
Findings

Table 13 shows the findings for the outcomes of interest, together with the number of studies
and study identifiers. We report the presence and absence of evidence for outcomes of interest,
regardless of the number of identified studies. Effectiveness and adverse events analysis
compared to control are shown first, followed by comparative effectiveness and safety analyses
relative to an active comparator. For each outcome, results across all passive control groups are
shown first, followed by specific comparisons (e.g., combinations vs individual components). In
the comparative effectiveness section, we report first on the comparison between medication
categories (stimulant vs non-stimulant), followed by the comparison between medication classes
(amphetamines, methylphenidate, NRIs, alpha agonists). All other subgroup results for
individual medications or medication classes are shown in this table only when we found
empirical evidence of differences in effect sizes in direct or indirect comparisons. For any
additional comparative effect analyses, such as comparisons between two medications (e.g.,
clonidine vs guanfacine), results are shown only when more than one study reported on the
comparison (given that no studies or single studies would only add a row of insufficient evidence
to the table).

The table states the comparison for which evidence is available, for example, we may have
tried to determine the comparative effect of stimulants versus non-stimulants, but when all
identified studies happened to test atomoxetine versus lisdexamfetamine (rather than the full
range of non-stimulants and stimulants), we changed the comparison description to atomoxetine
versus lisdexamfetamine.

Table 13. KQ2 summary of findings and strength of evidence for FDA-approved pharmacological
interventions

Intervention and | Outcome Number of Findings Reasons for SoE
Comparison Studies and Downgrading
Study
Design
KQ2 Behavior 11 RCTs!* Results favor intervention | Low
pharmacological 224,226,248, 321, (SMD -0.62; CI -0.97, -0.27; 5 for
vs control 380, 432, 460, 608, studies, n=523); RR 0.36; Cl 0.17, benefit
610, 622 0.78; 1 study, n=66)

110



5. Results: Treatment of ADHD

Intervention and | Outcome Number of Findings Reasons for SoE
Comparison Studies and Downgrading
Study
Design
KQ2 Broadband 64 RCTs!®: Results favor intervention (SMD - High
pharmacological | measures 131,133, 144, 145, 0.57; C1 0.48, 0.67; 28 studies, for
vs control 161, 164, 194, 195, n=4467; RR 0.51; Cl 0.43, 0.60; benefit
202, 205,207,217, 25 studies, n=3959)
220, 247, 270, 272,
273, 288, 292, 305,
326, 341, 348, 361,
373,374,378, 414,
419, 425,431, 442,
452-455, 459, 461,
481, 511, 538, 554,
555, 557,573, 598,
611,612,617, 619,
623, 626, 634
KQ2 ADHD 76 RCTs!0% Results favor intervention (SMD - | - High
pharmacological | symptoms 109, 118, 131-133, 0.61; Cl -0.69, -0.52; 49 studies, for
vs control 144, 145, 154, 161, n=7685; RR 1.71, Cl 1.33, 2.19; benefit
164, 193-195, 202, 13 studies, n=1918)
205, 207, 217, 220,
226, 247, 248, 270-
273, 288, 292, 305,
306, 317, 321, 326,
337, 341, 348, 361,
373,374,378, 383,
414,419, 425,431,
432,442, 452-455,
459-461, 481, 511,
526, 538, 540, 554-
557, 573, 575, 598,
608, 610-612, 617,
619, 622, 623, 626,
634
KQ2 stimulant ADHD 5 RCTs?'7- 3! | Results favor augmentation C Low
augmentation vs symptoms 373 598,622 (SMD -0.36; CI -0,52, -0.19; 5 for
stimulant alone studies, n=724) larger
effects
with
augme
ntation
KQ2 Functional 18 RCTs'*® Results favor intervention (SMD C Moder
pharmacological | impairment 131,164,202, 205, 0.50; C1 0.05, 0.96; 10 studies, ate for
vs control 380,432, 452-455, n=1703) benefit
459, 461, 588, 618,
622, 623, 634
KQ2 Acceptability | 3 RCTs%:57 | Results favor alpha agonist | Insuffic
pharmacological | of treatment | ¢1¢ intervention (RR 0.47; Cl 0.32, ient
vs control 0.68; 1 study, n=198)
KQ2 Academic 4 RCTs2%38. | Results favor intervention (SMD - | | Low
pharmacological | performance | 618619 1.37; Cl -1.72, -1.03; 1 study, for
vs control s n=156) benefit
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Intervention and | Outcome Number of Findings Reasons for SoE
Comparison Studies and Downgrading
Study
Design
KQ2 Appetite 57 RCTs!® Intervention is associated with - High
pharmacological | suppression | '8 131-133,144, appetite suppression (SMD 0.48; for
vs control 145,154, 161, 164, CI-0.04, 1.00; 6 studies, n=605; increas
193-195, 202, 217, RR 3.51; Cl 2.72, 4.51; 46 ed risk
220, 247, 248, 270, StUdieS, n=7209)
272,273, 288, 292,
305, 317, 321, 326,
348, 361, 378, 383,
414,419,431, 432,
442, 452-455, 460,
481, 511, 538, 556,
557, 573, 575, 608,
610-612, 617, 618,
622, 626, 634
KQ2 Participants | 42 RCTs'3% Pharmacological treatment is - High
pharmacological | with adverse | 44145154161, associated with a higher risk of for
vs control events 164,194,195, 202, reported adverse events (RR increas
205,207,217, 247, 1.29; Cl 1.23, 1.35; 41 studies, ed risk
248, 270,272,273, n=6926)
305, 317, 326, 337,
341,373,374, 414,
419, 425, 442, 452-
454, 459, 540, 573,
575, 598, 608, 612,
622, 623, 626, 634
KQ2 CER non- Behavior N/A (indirect Insufficient data D,C Insuffic
stimulants vs comparison) ient
stimulants
KQ2 CER Behavior NA (indirect No difference detected (p 0.42) D Low
amphetamine vs comparison) for no
methylphenidate differe
vs NRI vs alpha nce
| agonist
KQ2 CER Behavior 5 RCTs!740. | NRIs showed more improvement | S Low
atomoxetine vs 504,512, 525 than stimulants (SMD -0.08; CI - for
methylphenidate 0.14, -0.03; 4 studies, n=608) larger
effects
in NRI
atomo
xetine
KQ2 CER non- Broadband N/A (indirect Non-stimulant studies reported D Low
stimulants vs measures comparison) smaller effects than stimulant for
stimulants studies (non-stimulants RR 0.66; larger
Cl 0.58, 0.76; 12 studies, n=2312 effects
vs stimulants RR 0.38; CI 0.30, in
0.48; 12 studies, n=1582; p stimula
0.0002) nts
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Intervention and | Outcome Number of Findings Reasons for SoE
Comparison Studies and Downgrading
Study
Design
KQ2 CER Broadband N/A (indirect Amphetamine studies found no Insuffic
amphetamine vs | measures comparison) statistically effect but reported the ient
methylphenidate largest effects (SMD 0.68; Cl -
vs NRI vs alpha 0.72, 2.08; 3 studies, n=561);
agonist methylphenidate studies favored
intervention (SMD 0.66; 0.04,
1.28; 2 studies, n=302); NRI
studies favored intervention (SMD
0.53; Cl1 0.44, 0.63; 20 studies,
n=3183); alpha agonist studies
favored intervention (SMD 0.45;
Cl10.22, 0.68; 4 studies, n=509); p
0.002
KQ2 CER Broadband 4 RCTs!7>40. | No systematic difference S, C Low
atomoxetine vs measures 504, 525 (SMD -0.16; Cl -0.35, 0.03; 4 for no
methylphenidate studies, n=1080) differe
nce
KQ2 CER non- ADHD N/A (indirect Non-stimulant studies reported D Low
stimulants vs symptoms comparison) smaller effects than stimulant for
stimulants studies (SMD -0.52; CI -0.59, - larger
0.46; 37 studies, n=6065 vs SMD effects
-0.88; Cl -1.13, -0.63; 12 studies, in
n=1620; p 0.0002) stimula
nts
KQ2 CER ADHD N/A (indirect Amphetamine studies favored D Insuffic
amphetamine vs | symptoms comparison) intervention (SMD -1.16; Cl -1.64, ient
methylphenidate -0.67; 5 studies, n=757);
vs NRI vs alpha methylphenidate studies favored
agonist intervention (SMD -0.68; Cl -0.91,
-0.46; 7 studies, n=863); NRI
studies favored intervention (SMD
0.55; Cl1-0.62, -0.47; 28 studies,
n=1925); alpha agonist studies
favored intervention (SMD 0.52;
CI-0.67, -0.37; 11 studies,
n=1885); p 0.04
KQ2 CER NRIs ADHD 7 RCTs!37:225. | No systematic difference (SMD S,C Low
vs stimulants symptoms 376, 460, 539, 604, 0.23; Cl -0.03, 0.49; 7 studies, for no
645 n=1611) differe
nce
KQ2 CER ADHD 1 RCT!! A direct comparison shows more D, C Low
amphetamine vs | symptoms (direct improvement with amphetamine for
methylphenidate comparison), | vs methylphenidate (SMD -0.46; larger
and N/A Cl1-0.73, -0.19; 1 study, n=222) effects
(indirect and indirect comparisons show of
comparison) amphetamine studies reported amphe
more improvements than tamine
methylphenidate studies for S

continuous outcomes (SMD -1.16;
Cl -1.64, -0.67; 5 studies, n=757;
SMD -0.68; Cl -0.91, -0.46; 7
studies, n=863; p 0.02) but there
was no systematic difference for
categorical outcomes (p 0.57)
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Intervention and | Outcome Number of Findings Reasons for SoE
Comparison Studies and Downgrading
Study
Design
KQ2 CER NRI vs | ADHD 1 RCT326 A direct comparison shows more C Insuffic
alpha agonists symptoms (direct improvement with atomoxetine ient
comparison) (SMD -0.47; C1 -0.73, -0.2; 1
and N/A study, n=226, indirect
(indirect comparisons show no systematic
comparison) difference (continuous p 0.90,
categorical p 0.57)
KQ2 CER non- Functional N/A (indirect Non-stimulant studies reported D Low
stimulants vs impairment comparison) smaller effects than stimulant for
stimulants studies (SMD 0.20; CI -0.05, 0.44; larger
6 studies, n=1163 vs SMD 1.00; effects
Cl -0.25, 2.26; 4 studies, n=540; p in
0.04) stimula
nts
KQ2 CER Functional N/A (indirect No difference detected (p 0.23) D Low
amphetamine vs | impairment comparison) for no
methylphenidate differe
vs NRI vs alpha nce
| agonist
KQ2 CER non- Acceptability | N/A (indirect Insufficient data D,C Insuffic
stimulants vs of treatment | comparison) ient
stimulants
KQ2 CER Acceptability | N/A (indirect Insufficient data D,C Insuffic
amphetamine vs | of treatment | comparison) ient
methylphenidate
vs NRI vs alpha
| agonist
KQ2 CER non- Academic N/A (indirect Insufficient data D,C Insuffic
stimulants vs performance | comparison) ient
stimulants
KQ2 CER Academic N/A (indirect Insufficient data D,C Insuffic
amphetamine vs | performance | comparison) ient
methylphenidate
vs NRI vs alpha
| agonist
KQ2 CER non- Appetite 8 RCTs!7:225 | No systematic difference (RR S Low
stimulants vs suppression | 376,512,539, 568, 0.82; Cl1 0.53, 1.26; 8 studies, for no
stimulants 645 n=1463) differe
nce
KQ2 CER Appetite N/A (indirect Amphetamine studies reported an | D Insuffic
amphetamine vs | suppression | comparison) increased risk (RR 7.08; Cl 2.72, ient
methylphenidate 18.42; 8 studies, n=1229);
vs NRI vs alpha methylphenidate studies reported
agonist an increased risk (RR 2.80; ClI
1.47, 5.32; 8 studies, n=1110);
NIR studies reported an increased
risk (RR 3.23; Cl 2.40, 4.24, 27
studies, n=4176); alpha agonist
studies reported an increased but
not statistically significant risk and
only guanfacine was included (RR
1.49; Cl1 0.94, 2.37; 4 studies,
n=919); p 0.005
KQ2 CER Appetite 2 RCTs'31:25 | No systematic difference (RR | Low
amphetamine vs | suppression 1.01;C10.72,1.42; 3 for no
methylphenidate comparisons, n=414) differe
nce
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detect an effect (p 0.06)

Intervention and | Outcome Number of Findings Reasons for SoE
Comparison Studies and Downgrading
Study
Design
KQ2 CER NRI vs | Appetite 1 RCT326 A direct comparison showed more | D Low
alpha agonists suppression | (direct instances of appetite suppression for
comparison), with NRIs (RR 0.48; CI 0.27, 0.83; favorin
and N/A 1 study, n=226); in indirect g
(indirect comparisons NRI studies reported alpha
comparison) more instances of appetite agonist
suppression than alpha agonist studies
studies (NRI RR 3.23; Cl 2.40,
4.34; 27 studies, n=4176 vs alpha
agonist RR 1.49; C1 0.94, 2.37; 4
studies; n=919; p 0.01)
KQ2 CER non- Participants | N/A (indirect No difference detected (p 0.12) D Low
stimulants vs with adverse | comparison) for no
stimulants events differe
nce
KQ2 CER Participants N/A (indirect Amphetamine reported an D Insuffic
amphetamine vs | with adverse | comparison) increased risk (RR 1.41; Cl 1.25, ient
methylphenidate | events 1.58; 8 studies, n=1151);
vs NRI vs alpha methylphenidate studies reported
agonist an increased risk (RR 1.32; CI
1.25, 1.40; 6 studies, n=945); NRI
studies reported an increased risk
(RR1.31; Cl 1.18, 1.46; 15
studies, n=2600); alpha agonist
studies reported an increased risk
(RR1.21; Cl 1.11,1.31; 14
studies, n=2544); p 0.05
KQ2 CER NRIs Participants | 4 RCTs!7>22> | No difference detected (RR 1.11; S Low
vs stimulants with adverse | 339604 Cl10.90, 1.37; 4 studies, n=756) for no
events differe
nce
KQ2 CER NRIs Participants | 1 RCT32¢ No systematic difference (RR C Low
vs alpha with adverse (direct 1.14; C1 0.97, 1.34; 1 study, for no
agonists events comparison), | n=226) in a study comparing differe
N/A (indirect guanfacine and atomoxetine; nce
comparison) indirect comparisons did also not

Notes: ADHD = attention deficit hyperactivity disorder, C = inconsistency, CER = Comparative Effectiveness Review, CI = 95%
confidence interval, D indirectness, I imprecision, KQ = Key Question, N/A = not applicable, NRI = norepinephrine reuptake
inhibitors, RCT = randomized controlled trial, RR = relative risk, S = study limitation, SMD = standardized mean differences,
SoE = strength of evidence

Across studies, we found high strength of evidence that ADHD medication had beneficial
effects on broadband measures and ADHD symptom scores when comparing to passive control

groups. We concluded high strength of evidence for broadband measure effects due to the

consistency in direction of effects across studies, the large number of replications across

independent author groups, the small amount of heterogeneity, the robustness of the finding
when excluding high-risk of bias studies, and the absence of publication bias. Similarly, we

concluded high strength of evidence for ADHD symptom measures due to the consistency in
effects across studies, the large number of replications across independent author groups, the

lack of substantial heterogeneity, the robustness of effects when excluding high-risk of bias

studies, and the absence of publication bias. However, it should be noted that only few studies
included children under six years of age in the evaluated interventions.
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We downgraded the results for the subgroup of studies explicitly comparing the effect of
non-stimulants plus stimulants to stimulants alone for inconsistency. We were unable to
determine the effects across all studies as a study-level variable because identified studies varied
in how rigorously they avoided co-interventions such as stimulant treatment; hence, it is unclear
whether the documented subgroup is a good representation of all medication studies.

We also found moderate strength of evidence that pharmacological treatment reduces
functional impairment, but we downgraded the strength of evidence due to observed
heterogeneity.

Across studies, there was high strength of evidence that ADHD medication is associated with
appetite suppression and that ADHD medication increases the risk of experiencing an adverse
event compared to passive control groups. We concluded high strength of evidence for an
increased risk due to the consistency of effects across studies, the large number of replications
across independent author groups, the small amount of heterogeneity, the robustness of the
finding when excluding high-risk of bias studies, and the robustness of the effect when using an
alternative effect estimate that takes publication bias into account. We concluded high strength of
evidence for an increased risk due to the consistency of effects across studies, the large number
of replications by independent author groups, the small amount of heterogeneity, the robustness
of the finding when excluding high-risk of bias studies, and the robustness of the effect when
using an alternative effect estimate that takes publication bias into account.

The analyses comparing two alternative interventions and the corresponding strength of
evidence were more limited. While NRIs had more favorable results than stimulants on problem
behaviors, the number of studies and the effect was small, and the strength was downgraded due
to study limitations. For the direct comparisons, we downgraded the strength of evidence for
broadband measures and ADHD symptoms due to differences in direction of effects and study
limitation. We downgraded the strength of evidence for appetite suppression for all comparisons
due to differences in direction of effects, and some were further downgraded due to the small
number of studies leading to imprecision All indirect comparisons were downgraded to low due
to indirectness and imprecision where there were conflicting results between continuous and
categorical variables.

5.3.3 Other Pharmaceutical Agents

We also identified studies evaluating a pharmaceutical agent not FDA-approved for
ADHD. 105 113, 114,122, 146, 147, 151, 155, 158, 165, 174,206, 219, 232, 264, 269, 304, 354, 377, 399, 439, 507, 508, 513,572, 574, 620,
636,637 This included new formulations, off-label use of existing medication approved for other
conditions such as modafinil, amantadine, or venlafaxine, and agents no longer available in the
Unites States such as agomelatine. Identified studies were published between 1996 and 2022,
with some only available as a trial record. Agents were evaluated in five different countries; with
the majority of studies originating in the Unites States?® 3”7 and Iran,!2% 219 232, 354,439, 508, 636 A[]
studies used a randomized control trial design. Nearly all children within the studies received a
confirmatory diagnosis by a specialist and/or clinician; exceptions®"”- ®7 required only a
preliminary clinical diagnosis. The populations were predominantly males between the ages of 6
and 18. Female population proportions ranged from 15 percent®’ to 29 percent**” where
reported. In nearly all studies, participants were required to demonstrate an 1Q of 70 or higher.
For studies that distinguished between ADHD presentations, the most prevalent (ranging from
58%%7 to 100%*>*) was the combined presentation. Approximately half of studies did not report
data regarding ADHD presentation type.!!* 24269 The only study that addressed co-occurring
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disorders in the form of a dual diagnosis evaluated children with ADHD and mood disorders.?”’
Race and ethnicity demographics were described only in a portion of studies.!!?:26%377. 3%

A variety of new pharmaceutical agents were tested for their efficacy in treating ADHD
symptoms. Several studies evaluated the use of modafinil for youth with ADHD.!22 146. 147 304,354,
574 Modafinil is a stimulant medication that has been FDA-approved for the treatment of
narcolepsy and sleep apnea. Two studies evaluated ABT-089, a neuronal nicotinic receptor
partial agonist.'® 1% Two studies tested an inhibitor of G protein-coupled inward-rectifying
potassium channels (GIRKs, tipepidine).?!®-3°7 All of the studies evaluating pharmaceutical
agents reported on a control group for some of the outcomes, which was typically placebo. The
most common adjunctive treatment was methylphenidate. In addition to controls, several studies
reported efficacy results for comparator groups, usually composed of participants who received a
reduced dose of the pharmaceutical agent being tested. Studies reported a variety of study-
specific outcomes, such as treatment-related adverse effects. In terms of pre-specified outcomes,
broadband scale scores, standardized symptom scores, and appetite changes were the most
frequently reported outcomes.

Only some of the identified studies reported sufficient detail to compute effect sizes for our
key outcomes. The identified new agents are difficult to compare, particularly as they are
chemically very diverse, and it is unclear whether any represent promising approaches for
ADHD treatment. However, three agents were assessed in multiple studies.

5.3.3.1 Modafinil

The identified modafinil evaluation studies that reported on a broadband measure are shown
in Figure 56.

Figure 56. Effects of modafinil on broadband measures (RR)

Biederman, 2005{#17782} —— 0.36 [0.22, 0.60]
Biederman, 2006{#17689} '—-—' 0.98 [0.54, 1.79]
Greenhill, 2006{#17666} — . 0.35[0.20, 0.59]
RE Model ——-——-—— 0.491[0.12, 2.07]
[ [ [ [ [ [ |
0.14 0.37 1 1.65
Relative Risk

Notes: RE = random effects, RR = relative risk

Across studies, we did not detect a systematic effect of modafinil on broadband scores (RR
0.49; C10.12, 2.07; 3 studies, n=539). Two out of three studies were positive and there was
heterogeneity (I-squared 76%). There was no indication of publication bias. None of the studies
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were considered high risk of bias, hence methodological rigor was not a likely source of
heterogeneity.
Studies reporting on ADHD symptoms are shown in Figure 57.

Figure 57. Effects of modafinil on ADHD symptoms (SMD)

Biederman, 2005{#17782} — -0.54 [-0.81, -0.27]
Greenhill, 2006{#17666} - -0.52 [-0.82, -0.22]
Kahbazi, 2009{#17364} : . -1.83[-2.52, -1.14]
Swanson, 2006{#14341} — -0.42 [-0.72, -0.11]
RE Model ——— -0.76 [-1.75, 0.23]

[ I | I I I |
3 25 2 <15 -1 05 0

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, RE = random effects, SMD = standardized mean difference

Although all studies reported a positive effect, estimates varied and we did not find a
statistically significant effect on ADHD symptoms due to wide confidence intervals (SMD -0.76;
CI-1.75, 0.23; 4 studies, n=667). Heterogeneity was high (I-squared 91%). Results for
publication bias were borderline (Begg p 1.00, Egger p 0.05) but the alternative estimate using
the trim and fill method showed the same effect estimate. One study reported on the number of
responders and found a large effect size given that most of the intervention participants showed
at least a 40 percent decrease in the ADHD rating scores but none of the placebo participants did
(RR 37.00; CI 2.36, 578.24; 1 study, n=46).>>* Studies did not report on other outcomes other
than appetite suppression (see Figure 58).
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Figure 58. Effects of modafinil on appetite suppression (RR)

Biederman, 2005{#17782} —— 4.33[1.35, 13.90]

Biederman, 2006{#17689} - . 1.02[0.07, 15.86]
Greenhill, 2006{#17666} - 5.88 [1.43, 24.20]
Kahbazi, 2009{#17364} - 3.50 [0.81, 15.09]
Swanson, 2006{#14341} . = 9.22 [1.26, 67.49]
RE Model | — 4.44 [2.27, 8.69]

[ [ I [ [
0.02 0.14 1 739 546
Relative Risk

Notes: ADHD = attention deficit hyperactivity disorder, RE = random effects, RR = relative risk

Modafinil significantly increased the risk of appetite suppression (RR 4.44; CI1 2.27, 8.69; 5
studies; n=780). We detected no heterogeneity. We also found no indication of publication bias.
None of the studies were categorized as high risk, hence it is unlikely that the result is purely
based on methodological flaws of the studies.

5.3.3.2 Tipepidine

One study found no difference in a broadband measure (SMD 0.38; C1-0.17, 0.93; 1 study,
n=51) or appetite suppression (RR 0.30; CI 0.01, 6.98; 1 study, n=51).2"° Two studies reported
on ADHD symptoms but estimates varied and no meaningful summary estimate could be derived
(SMD -0.28, CI -3.59, 3.04; 2 studies, n=156).2!%-397

5.3.3.3 ABT-089

Two studies by the same author group reported on 042 neuronal nicotinic receptor partial
agonist for use in ADHD.!% 620 Both studies reported on a broadband measure but reported
conflicting results and no meaningful summary measure could be derived (SMD -0.02, CI -2.58,
2.53; 2 studies, n=168). One of the studies reported on ADHD symptoms and found
improvement (SMD -1.02; CI -1.46, -0.57; 1 study, n=88).52* Results for the number of
participants reporting an adverse event are documented in Figure 59.
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Figure 59. Effects of ABT-089 on participants reporting adverse events (RR)

Wilens,2011{#13767} - - 0.87 [0.63, 1.20]
Willens,2011{#15087} : - - 0.92[0.71, 1.18]
RE Model ——— 0.90 [0.64, 1.25]

| | | | |
055 0867 0.82 1 1.22
Relative Risk

Notes: ABT-089 = a neuronal nicotinic receptor partial agonist, RE = random effects, RR = relative risk

Across studies, we found no statistically significant effect for an increased risk of adverse
events (RR 0.90; CI 0.64, 1.25; 2 studies, n=171). We detected no heterogeneity, there was no
effect of publication bias, and none of the studies were considered high risk.

5.3.3.4 Comparative Effects of Other Pharmacological Agents

We did not identify two studies comparing the same intervention and comparator. Some
studies compared two different doses of the same agent, !0 146 174,269,507, 513, 572 Ny [tiple studies
compared the evaluated intervention to methylphenidate,!?% 16539 439. 508,636 apnd one study
compared to atomoxetine.®”’ The others compared two different adjunctive treatments
(risperidone vs divalproex)'! or different medication (risperidone vs aripiprazole).?*? All
individual studies are documented in detail in the evidence table in the appendix.

5.3.3.5 Summary of Findings, Other Pharmacological Agents

Given the diversity of agents that cannot be combined easily, no summary of findings across
all studies could be established. Results of the individual studies are shown in Appendix C, Table
C.2. The summary of findings table (Table 14) is limited to the agents assessed in multiple
studies and Table 14 only shows results where effect size calculation was possible.
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Table 14. KQ2 summary of findings and strength of evidence for other pharmacological agents

Intervention Outcome Number of | Findings Reasons SoE
and Studies; for
Comparison Study Downgra
Design and ding
IDs

KQ2 Broadband 3 RCTs!46 No systematic effect detected (RR S Low for no
modafinil vs measures 147,304 0.49; Cl 0.12, 2.07; 3 studies, effect
control n=539).
KQ2 ADHD 4 RCTs All individual studies were positive, | Insufficient
modafinil vs symptoms RCTs!47:3%. | but the pooled effect was not
control 354,514 statistically significant due to the

wide variation in effects (SMD -0.76;

Cl -1.75, 0.23; 4 studies, n=667; RR

37.00; Cl 2.36, 578.24; 1 study,

n=46)
KQ2 Appetite 5 RCTs'4 Intervention was associated with an | | Moderate
modafinil vs suppression | 147.304.354.574 | effect (RR 4.44; Cl 2.27, 8.69; 5 for effect
control studies; n=780)
KQ2 ABT-089 | Broadband 2 RCTs!%: No meaningful summary estimate S, | Insufficiefi
vs control measures 620 could be derived (SMD 0.02, CI - ne ent

2.58, 2.53; 2 studies, n=168)
KQ2 ABT-089 | Number of 2 RCTs!%. No systematic effect (RR 0.90; ClI S, | Low for no
vs control participants | 620 0.64, 1.25; 2 studies, n=171) effect

reporting on
the event

Notes: CI = 95% confidence interval, I = imprecision, KQ = Key Question, RCT = randomized controlled trial, RR = relative
risk, S = study limitation, SMD = standardized mean differences, SoE = strength of evidence

Modafinil was associated with positive effects on ADHD symptoms (low strength of
evidence, downgraded due to imprecision by 2). Modafinil was also associated with appetite
suppression (moderate for effect). We did not find a positive effect on broadband measure
scores, but the strength of evidence was limited (downgraded for study limitations).

The research benefit of ABT-089 is limited. We could not establish a meaningful effect
estimate on broadband measures (downgraded to insufficient due to heterogeneity and
imprecision). There was low strength of evidence (study limitation, imprecision) indicating that
the intervention is associated with adverse events.

5.3.4 Youth-Directed Psychosocial Treatment

We identified 32 studies evaluating psychological, psychosocial, or behavioral interventions
for children and adolescents with ADHD., 106 123, 160, 199, 204,261, 290, 329, 330, 334, 335, 358, 392, 410, 426, 430,
471, 476, 480, 485, 521-523, 530, 532-535, 565, 394, 624, 643 Wy e included studies in this section that evaluated
psychosocial interventions targeting children or adolescents with ADHD, either alone or
combined with components for the children’s parents or their teachers. The intervention category
did not include combinations of psychosocial treatments plus medication; those were described
in an earlier section. In addition, all interventions conducted in a school setting are documented
in the school intervention section.

The earliest identified eligible study was published in 2003.!>* Evaluations were conducted in
11 different countries, primarily the United States, 06 123,204,238, 261, 329, 476, 480, 522 The populations
studied were children and adolescents with ADHD between the ages of “preschool” and 18, with
half of the studies including teenagers. In studies that distinguished between ADHD
presentations, the most prevalent type (ranging from 23.4%** to 100%°2* of the ADHD
participants) was the combined presentation. While ADHD participants with co-occurring
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disorders were not excluded from most of the studies, three studies purposely included youth
with language difficulties,** homework problems,*® and organizational deficits.!?® Race and
ethnicity demographics were not mentioned in most studies.

Interventions studied were diverse and they differed in complexity and intensity. Intervention
approaches included skills training (e.g., executive function training, homework, or
organizational skills), 06 19% 204 330,426, 476, 480, 485, 521, 532-534 i skills training, ' 335 392 522, 565
executive function therapy for preschoolers,’*® driving program for young drivers,?¢!
focused intervention,*?* 523 dialectical behavior therapy,**° cognitive behavior therapy,
attention training,*>® a complex behavior modification intervention,*'® behavioral consultations
with school and home components,?** parent-child training psychotherapy for mothers and their
children who had ADHD,?**° mindfulness training,>*> °** musicotherapy,®* play-based
intervention,®* canine-assisted therapy,’?? and one study compared a behavioral first strategy*’!
(providing a behavioral intervention before using medication). Many interventions had multiple
components that involved patients, parents, teachers, therapists, and counselors in addition to
direct interventions for the participating children. Interventions addressing parents exclusively
are documented in the parent support section. Only half of the studies reported on a control
group, including attention-matched groups or no intervention (i.e., wait list); the others compared
to an alternative psychosocial treatment. Several compared against treatment as usual where it
varied what treatment individual children received.

The most frequently reported outcomes in the included studies were the Conners Parent
Rating Scales (CPRS), CGI scores, and the ADHD Rating Scale, Version IV.

Figure 60 shows the effect of the intervention on individual problem behaviors such as
tardiness, delinquency, and conduct problems, assessed in the individual studies.

sleep-
160
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5. Results: Treatment of ADHD

Figure 60. Effects of youth-directed psychosocial interventions on behavior (SMD)

Huang, 2015{#17030} n—-——| -0.08 [-0.48, 0.32]
Kareem, 2021{#8017} : | -0.89 [-1.47, -0.31]
Sciberras, 2020{#419} n—-—| -0.34 [-0.64, -0.05]
Sibley, 2016{#12327} |—I—| 0.01[-0.33, 0.36]
Sibley, 2021{#313} n——-—| 0.17 [-0.07, 0.41]
Siebelink, 2021{#3333} n—-——| -0.20 [-0.59, 0.19]
Valero, 2021{#3676} : | -0.36 [-1.08, 0.36]
RE Model —-—-— -0.18 [-0.48, 0.12]

| T T | |

15 -1 -0.5 0 0.5

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

Across studies, we did not detect a systematic effect of psychosocial interventions on
problematic behaviors compared to control groups (SMD -0.18; CI -0.48, 0.12; 8 studies,
n=947). The analysis did not detect substantial heterogeneity (I-squared 55%), but we note that
one individual study unlike the other included studies reported a statistically significant effect.
The training evaluated in the study focused on attention span, timetable activities, and homework
compared to no intervention.**® We did not detect publication bias. Removing high-risk of bias
studies in a sensitivity analysis left only two studies and showed a different estimate with wide
confidence intervals, but the effect was still not statistically significant (SMD -0.12; CI -1.04,
0.80). One of the studies (evaluating a sleep-focused intervention) reported improvements in
conduct problems after one year (SMD -0.34; CI -0.64, -0.05).5%3

One study reported on a broadband measure; the RCT found a statistically significantly
positive effect (SMD 0.62; 0.24, 0.99; 1 study, n=120) for a multi-component, behavioral
psychosocial treatment integrated across home and school (Child Life and Attention Skills) for
youth with ADHD compared to families receiving a diagnostic report and a resource list.*’®

123



5. Results: Treatment of ADHD

All studies reporting sufficient detail for changes on a continuous symptom scale are shown

in Figure 61.

Figure 61. Effects of youth-directed psychosocial interventions on ADHD symptoms (SMD)

Chu, 2021{#18891} -0.34 [-0.66, -0.01]
Coles, 2020{#4155} .—-—| -0.27 [-0.65, 0.10]
Huang, 2015{#17030} r—-—u -0.02 [-0.42, 0.38]
Huang, 2021{#7795} —— -0.62 [-0.91, -0.33]
Pfiffner, 2014{#17038} —— -0.72 [-1.09, -0.34]
Qian, 2021{#369} ——— -0.58 [-1.08, -0.07]
Schramm, 2016{#10874} .—-—. -0.49 [-0.95, -0.03]
Sciberras, 2020{#419} —— -0.42 [-0.71, -0.13)
Shuai, 2020{#3265} .—-——| -0.22 [-0.63, 0.18]
Sibley, 2016{#12327} —— -0.62 [-0.98, -0.27]
Sibley, 2021{#313} |—-—| 0.03[-0.21, 0.26]
Siebelink, 2021{#3333} :—-——| -0.24 [-0.63, 0.16]
Storebo, 2012{#17044) |—-—-—| 0.17 [-0.36, 0.70]
Valero, 2021{#3676} " -0.73[-1.46, 0.01]
RE Model - -0.35[-0.51, -0.19]

| | | i |

145 1 05 0 0.5

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, RE = random effects, SMD = standardized mean difference

Analyses indicated a reduction in symptoms associated with a psychological or behavioral
intervention (SMD -0.35; CI -0.51, -0.19; 14 studies, n=1686). Interventions were diverse and
often included multiple components. Studies contributing to the results included a psychosocial
intervention component directed at the children with ADHD; in some cases, however, an
additional component addressed the parents or family specifically,?04 334 335, 476, 485,523, 332, 533, 535,
59 and some interventions involved the children’s teachers?** 47 in addition to the children and
parents. Two studies evaluated STAND (Supporting Teens’ Academic Needs Daily), a parent-
teen skills-based therapy blended with motivational interviewing that targets adolescents’
organization, time management, and planning occupational training skills, as well as parental
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monitoring and contingency management.>*> >3 Particularly successful interventions included
social skills plus parent skills training (compared to no intervention),**> a multi-component child
life and attention skills program (compared to treatment as usual and a diagnostic report),*’¢
ecological executive skills training with parent components (compared to waitlist),**> a family
intervention focused on sleep (compared to usual care without focus on sleep management),>%3
family therapy STAND intervention (compared to usual care without family therapy),’** and a
mindfulness training for children and parents (compared to waitlist).>** The youngest children
included in the studies were 5 years old but several studies targeted pre-teens and teenagers.
Statistical heterogeneity was not remarkable (I-squared 57%). There was no indication of
publication bias. Most studies included in this analysis were RCTs; restricting to RCTs showed a
similar effect estimate (SMD -0.36; CI -0.53, -0.19). Removing high-risk of bias studies in a
sensitivity analysis left only seven studies but the effect estimate was similar (SMD -0.38; CI -
0.69, -0.07).

One study reported on symptom improvement as a categorical variable; the study favored a
multi-component, behavioral psychosocial treatment integrated across home and school (Child
Life and Attention Skills) for youth with ADHD (RR 1.75; CI 1.14, 2.71; 1 study, n=114).47° Of
all the psychosocial intervention studies, three reported long-term outcomes, which were
statistically significant (SMD 0.52; CI 0.80, 0.23).33% 521,523

Very few studies reported on functional outcomes. Two studies reporting on functional
impairment as a categorical outcome could not be combined to a meaningful summary estimate
(SMD 0.42; CI -1.13, 1.97; 2 studies, n=245).48 523

Only one study reported sufficient detail to compute an effect size for treatment satisfaction,
indicating no statistically significant difference between a parent-teen intervention focusing on
safe driving and an attention-matched control group at the 12 month follow-up (SMD 0.19; CI -
0.12, 0.49; 1 study; n=164).26!

Studies reporting on academic outcomes and reporting sufficient detail to compute effect
sizes are shown in Figure 62.

Figure 62. Effects of youth-directed psychosocial interventions on academic performance (SMD)

Sibley, 2016{#12327} : — - -0.14 [-0.49, 0.21]
Sibley, 2021{#313} TR T 0.26 [ 0.02, 0.50]
Storebo, 2012{#17044} § -0.04 [-0.58, 0.50]

RE Model ———— 0.07 [-0.49, 0.62]

T T T T T 1
-06 -04 -02 0 0.2 04 06

Standardized Mean Difference
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Notes: RE = random effects, SMD = standardized mean difference

Across studies, we did not detect a systematic effect of the intervention on academic
performance compared to control groups (SMD 0.07; CI -0.49, 0.62; 3 studies, n=459). The
analysis detected little heterogeneity (I-squared 49%). There was no indication of publication
bias. None of the studies included in this analysis was judged to be high risk of bias, suggesting
that the lack of effect is not primarily driven by high-risk of bias studies.

Only one study formally reported on the number of participants with adverse events; the
study found no increased risk associated with the social skills training intervention compared to
treatment as usual as none of the groups reported any adverse events (RR 0.97; C10.02, 47.1; 1
study, n=55).%%

5.3.4.1 Youth-Directed Psychosocial Treatment Comparative Effects

We identified a number of studies that compared diverse psychological and behavioral
interventions to an alternative therapeutic approach.!'%6 160; 290, 330, 410,430, 471, 476, 480, 521, 522, 334 \ope
evaluated the same intervention, and comparators were also unique.

One study compared a group parent and adolescent skills training versus a dyadic skills
training blended with motivational interviewing and reported similar results across assessed
outcomes, including ADHD symptoms (SMD -0.23; CI-0.61, 0.16; 1 study, n=123).>3 A study
comparing two cognitive behavioral therapy programs (planning skills CBT versus solution-
focused therapy CBT) reported initially more favorable results for the planning skills program,
but the effect was not maintained, including for ADHD symptoms (SMD -0.14; C1-0.45, 0.17; 1
study, n=159).!%" An evaluation of a problem-solving and organizational skills training for
adolescents found no statistically significant difference in ADHD symptoms compared to
progressive relaxation training (SMD -0.29; CI -0.74, 0.16; 1 study, n=77).%?! Another study that
focused on organizational functioning, time management, and planning in elementary school
children found no statistically significant difference in a functional outcome (SMD 0.24; CI -
0.11, 0.60; 1 study, n=125) or academic performance (SMD 0.13; -0.22, 0.48; 1 study, n=125)
compared to a performance-based intervention that precluded skills training.'%

One study in adolescents compared dialectical behavioral therapy compared to a
psychoeducational group program about ADHD. It found lower self-reported ADHD ratings
(SMD -0.39; CI -0.7, -0.08; 1 study, n=164) but no statistically significant difference for
functional impairment (SMD 0.23; CI -0.08, 0.53; 1 study, n=164)*° Another of the identified
studies evaluated a canine-assisted psychosocial intervention compared to behavioral parent
training and social skills training.>?? The study did not report sufficient detail to allow effect size
calculations for the outcomes of interest but concluded that the canine-assisted group showed
better results for ADHD symptoms.

A study comparing a multi-component program (Child Life and Attention Skills, CLAS)
versus a parent-focused treatment with fewer school interactions, found the intensive program to
have more positive effects, but there was no statistically significant difference in broadband
measures (SMD 0.20; CI -0.13, 0.52 and RR 1.23; C10.89, 1.71; 1 study, n=199) or ADHD
symptoms (SMD -0.27; CI -0.60, 0.05 and RR 1.23; CI 0.89, 1.71; 1 study, n=199).47% A family-
school intervention versus an intervention about coping with ADHD through relationships and
education (CARE) favored the family-school interventions for ADHD symptoms (SMD -0.34;
CI-.061, -0.06; 1 study, n=199) but other outcomes assessed in the study did not show
differences between interventions, including academic performance (SMD -0.21; -0.49, 0.07; 1
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study, n=199).%%° One study (n=145) compared a multi-component intervention of motivational
components, homework management and schoolwork organization training, as well as family-
school partnership building versus a complex medication integration protocol that included
psychoeducation, medication decision-making, and integrated medication management. There
were insufficient details reported to allow effect size calculations, but the authors concluded that
both interventions showed positive effects.>** One study evaluating a complex intervention
program consisting of parental training, behavior modification, sensory integration therapy, and
sand tray therapy found no statistically significant difference compared to methylphenidate plus
atomoxetine plus a homeopathic intervention for ADHD symptoms (SMD -0.35; CI1-0.77, 0.07;
1 study, n=90).41°

A study that included mothers with ADHD who had a child also diagnosed with ADHD
evaluated parent-child training psychotherapy for mothers and children.?*° The study found no
statistically significant differences compared to individual non-specific counseling for the
mothers for problem behaviors (SMD -0.10; CI -0.49, 0.30; 1 study, n=101), ADHD symptoms
(SMD 0.19; C1-0.20, 0.59; 1 study, n=101), or functional impairment (SMD 0.11; CI -0.31,
0.52; 1 study, n=92) in the children with ADHD.

One study addressed sequencing of interventions.*’! Children assigned to a multi-component
behavioral intervention consisting of social skills training for children, parent training to
establish a daily reward system, teacher consultations, and a case manager versus medication
first reported significantly fewer classroom rule violations per hour than the medication first
intervention (incidence rate ratio 0.66, p<0.01; 1 study, n=152). The study found no difference in
the disruptive behavior disorder rating scales across groups (SMD -0.02; CI -0.34, 0.31; 1 study,
n=152) or functional impairment (SMD -0.01; CI -0.33, 0.31; 1 study, n=152).

5.3.4.2 Youth-Directed Psychosocial Treatment Summary of Findings
Table 15 shows the findings for the outcomes of interest together with the number of studies
and study identifiers. Findings are shown only when effect sizes could be computed.

Table 15. KQ2 summary of findings and strength of evidence for youth-directed psychosocial

treatment
Intervention Outcome Number of Findings Reasons | SoE
and Studies; for
Comparison Study Design Downgra
and IDs ding
KQ2 Behavior 9 RCTs and No systematic effect (SMD -0.18, S, | Low for no
psychosocial CTg335,358, 392, Cl-0.48, 0.12; 8 studies, n=947) effect
treatment VS 522,523,532, 533, 535,
control 394
KQ2 Broadband 2 RCTs!06.476 Results favor intervention (SMD 0.62, Cl | S Insufficient
psychosocial | measures -0.24, 0.99; 1 study, n=120)
treatment vs
control
KQ2 ADHD 18 RCTs and Results favor intervention (SMD -0.35, Cl | S Moderate
psychosocial | symptoms CTs!99:204.334, -0.51, -0.19; 14 studies, n=1686; RR for benefit
treatment vs 335,392,426,476,485, | 1.75; Cl 1.14, 2.71; 1 study, n=114)
Control 521-523, 530, 532, 533,
535, 565, 594, 643
KQ2 Functional 4 RCTs!06476, No systematic effect and no meaningful C, 1 Insufficient
psychosocial | impairment | 45523 summary effect could be derived (SMD
treatment vs 0.42, Cl-1.13, 1.97; 2 studies, n=245)
control
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Intervention Outcome Number of Findings Reasons | SoE
and Studies; for
Comparison Study Design Downgra
and IDs ding
KQ2 Acceptability | 1 RCT?%! No systematic effect (SMD 0.19, CI - S,C, 1 Insufficient
psychosocial | of treatment 0.12, 0.49; 1 study, n=164)
treatment vs
control
KQ2 Academic 4 RCTs%3% 53 No systematic effect (SMD 0.07, CI - S Low for no
psychosocial | performance | 3% 0.52, 0.66; 3 studies, n=459) effect
treatment vs
control
KQ2 Appetite 0 studies No data C Insufficient
psychosocial | suppression
treatment vs
control
KQ2 Participants | 1 RCT>% No systematic effect and no meaningful C Insufficient
psychosocial | with adverse summary effect could be derived (RR
treatment vs events 0.97; C10.02, 47.01; 1 study, n=55)
control

Notes: ADHD = attention deficit hyperactivity disorder, CI = 95% confidence interval, C = inconsistency, CT = controlled trial
without random assignment, I = imprecision, KQ = Key Question, RCT = randomized controlled trial, RR = relative risk, S =
study limitation, SMD = standardized mean differences, SoE = strength of evidence

The majority of psychological and behavioral interventions were multicomponent
interventions and we found favorable effects of these on ADHD symptoms with a moderate
strength of evidence. We downgraded all outcomes for study limitation as studies were at high or
moderate risk of bias, often because studies of behavioral interventions versus no intervention
cannot be blinded, and unblinded parents provided the outcome data. We found low strength of
evidence that psychological interventions do not improve problem behaviors across studies and
the evidence was insufficient for broadband measure scores. These findings were also
downgraded for the domain inconsistency (direction of effects varied). There was insufficient
evidence for functional outcomes due to additional imprecision as it was not clear whether or not
psychological interventions influence functional impairment. Meta-analysis across studies found
no difference in academic outcomes; strength of evidence is low due to inconsistency of
direction and risk of bias. Only one study reported sufficient detail to compute effect sizes for
treatment acceptability; the strength of evidence was rated insufficient. No studies reported on
appetite changes or growth suppression, and only one study reported on the number of
participants with adverse events; strength of evidence was determined to be insufficient, given
the lack of data or inability to determine the consistency of effects where only one study reported
on the outcome of interest.

The comparative effectiveness strength of evidence was determined to be insufficient due to
the lack of studies reporting on similar interventions and comparators.

5.3.5 Cognitive Training

We identified 22 studies evaluating cognitive training to treat ADHD,>6: 129, 139, 148, 166,221,222,
227,229,243, 258, 313, 367, 368, 372, 456,457, 489, 578, 595. 613. 628 The earliest identified studies were from

2013.24578 Evaluations were published in 14 different countries, including the United States**®
372 and Tran, 129 456. 457

The populations studied were predominately males aged six to 17 years, with only one study
including children as young as three years old.*®” Evidence of intellectual disability (i.e., full-
scale 1Q < 70) was exclusionary in all studies, and eight studies required full-scale IQ scores of
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80 or higher. Over 70 percent of studies included participants with a history of stimulant
medication treatment, and of those, two thirds of their ADHD cohorts had prior or ongoing
stimulant treatment. Five of the studies required stimulant treatment to be discontinued at least
24-hours before undergoing cognitive training, and several required an even longer washout
period. For studies that distinguished between ADHD presentations (combined, inattentive,
hyperactive/impulsive), the most prevalent was ADHD-combined type. While ADHD
participants with typical co-occurring disorders such as conduct disorder were not excluded from
most studies, a few studies purposefully included children with concomitant learning disorders
(e.g., dyslexia, language disorder).???>*° Race and ethnicity demographics were not mentioned in
almost all studies.

Cognitive training interventions were delivered across different settings, including home-
based and hospital/clinic-based programs. More than half of the studies used a computerized
video game format such as the Cogmed digital working memory training program. Some studies
used other non-computerized cognitive training modalities including structured, interactive
games (e.g., Training Executive, Attention, and Motor Skills) and paper-and-pencil
neuropsychological tasks, or they employed functional cognitive rehabilitation paradigms used in
occupational therapy to improve ADHD as documented in detail in Appendix C, Table C.2.
ADHD-matched control groups received treatment as usual,>® 166:221.367. 436,613 o they were
randomized to a waitlist or no intervention,!3% 199243, 258, 313,436,578 Ha|f the studies were
compared to children exposed to non-adaptive/non-calibrated versions of the targeted cognitive
intervention, 4% 222:229:372 coonitive training of a separate domain (e.g., training of working
memory vs. training of inhibitory control) or sham cognitive training®>’-22% 368 or attention-
matched intervention.'?% 7 Other studies reported on the comparative effects for two alternative
interventions without control group.36% 489 595, 628

Studies reported a variety of study-specific outcomes, such as improvement in individual
cognitive tasks. In terms of pre-specified key outcomes for this review, ADHD symptom rating
scale scores were most frequently reported.

Studies that reported on a problem behavior are shown in Figure 63.
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Figure 63. Effects of cognitive training on behavior (SMD)

Bigorra, 2016{#12758} .—-——| -0.26 [-0.80, 0.29]
Dovis, 2015{#14688} n—-—| -0.27 [-0.77, 0.24]
Estrada-Plana, 2019{#422} —_—f -0.94 [-1.53, -0.34]
Steiner, 2014{#17053} |—-—I—| 0.34 [-0.13, 0.81]
Tamm, 2013{#27404} |—l—| -0.41 [-0.80, -0.02]
RE Model --—-—- -0.29 [-0.84, 0.27]

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

Across identified studies, cognitive training had no statistically significant effect (SMD
-0.29; CI -0.84, 0.27; 5 studies, n=337). This small set of studies did not detect heterogeneity or
publication bias. All studies included in the analyses were RCTs. Removing two high-risk of
bias RCTs resulted in a smaller estimate, but the effect was still statistically significant (SMD
-0.26, CI1-0.35, -0.18).

Studies reporting on broadband measure scores are documented in Figure 64.
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Figure 64. Effects of cognitive training on broadband measures (SMD)

Benzing, 2019{#258} n—-—| 0.38 [-0.18, 0.94]
Dentz, 2020{#7159} : | -0.19 [-0.84, 0.47]
Hahn-Markowitz, 2020{#5578} —.—— 0.66 [ 0.24, 1.08]
Kim, 2022{#26139} : | 0.34 [-0.38, 1.06]
Nejati, 2022{#23876} : | 0.54 [-0.19, 1.27]
Tamm, 2013{#27404} —.—— 0.88[0.48, 1.28]
RE Model —ei—— 0.50 [ 0.12, 0.88]

| T T T T |
-1 -0.5 0 05 1 1.5

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

The interventions were associated with a statistically significant improvement in broadband
measures (SMD 0.50; CI 0.12, 0.88; 6 studies, n=344). Children included in the studies were
between six and seven, and seven and ten, where reported. Heterogeneity was not remarkable (I-
squared 58%) and there was no indication of publication bias. Removing high-risk of bias studies
left only two studies with a smaller effect estimate that was no longer statistically significant due
to wide confidence intervals (SMD 0.43; CI -0.54, 1.42). Similarly, restricting to parallel RCTs
only found a smaller and not statistically significant effect (SMD 0.43; CI -0.06, 0.93). Only one
study reported sufficient detail for a categorical analysis indicating no difference between groups
(RR 0.96; C10.59, 1.55; 1 study, n=339).37?

The studies reporting on the effect of cognitive training on ADHD symptoms are shown in
Figure 65.
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Figure 65. Effects of cognitive training on ADHD symptoms (SMD)

Azami, 2023{#28210} —_— -0.91[-1.63, -0.18]
Benzing, 2019{#258} |—.4—| 0.12 [-0.67, 0.44]
Bigorra, 2016{#12758} n—-——| -0.29 [-0.85, 0.27]
Bikic, 2018{#40} |—I—| 0.44 [-0.03, 0.92]
Egeland, 2013{#17026} I—l-—| -0.10 [-0.55, 0.36]
Estrada-Plana, 2019{#422} : | -0.88 [-1.67, -0.09]
Hasslinger, 2021{#13002} n—-—| -0.23[-0.66, 0.20]
Kim, 2022{#26139} n—-—| -0.03 [-0.74, 0.69]
Nejati, 2021{#4746} |—-—| -0.00 [-0.72, 0.72]
Nejati, 2022{#23876} —_— -0.85 [-1.60, -0.10]
Steiner, 2014{#17053} —a— -0.56 [-1.04, -0.08]
Tamm, 2013{#27404} —a— -1.09 [-1.50, -0.68]
RE Model -.— -0.37 [-0.67, -0.07]

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, RE = random effects, SMD = standardized mean difference

Across studies, we found improvement of ADHD symptoms associated with cognitive
training compared to control groups (SMD -0.37; CI -0.67, -0.07; 12 studies, n=655). The
analysis did detect some heterogeneity (I-squared 65%). There was no evidence of publication
bias. Removing studies with high risk of bias also indicated a lack of systematic effect (SMD
-0.24; CI1-0.73, 0.30) and heterogeneity was not substantially reduced. An additional study
reporting on a categorical symptom outcome (number with at least 30% improvement) did not
detect statistically significant differences between groups (RR 1.28; CI 0.85, 1.94; 1 study,
n=337).37

Studies reporting on effects of cognitive training on functional impairment are shown in
Figure 66.
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Figure 66. Effects of cognitive training on functional impairment (SMD)

Bigorra, 2016{#12758} I—-—l—| 0.45 [-0.08, 0.99]
Bikic, 2018{#40} |—I—| 0.20 [-0.14, 0.53]
Egeland, 2013{#17026} |—-—| 0.21 [-0.25, 0.67]
Estrada-Plana, 2019{#422} —_— 1.39[0.76, 2.02]
Steiner, 2014{#17053} n—-—| 0.00 [-0.47, 0.47]
RE Model --—-—-— 0.41[-0.24, 1.06]

| T T T I T |
-0.5 0 0.5 1 1.5 2 25

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

Studies indicated an improvement in functional impairment, but the effect was not
statistically significant (SMD 0.41; CI -0.24, 1.06; 5 studies, n=387). There was some
heterogeneity and effect estimates varied somewhat (I-squared 77%). There was no indication of
publication bias. Excluding three high-risk of bias studies in a sensitivity analysis (and thereby
removing an outlier) did result in a smaller effect estimate that also was not statistically
significant (SMD 0.27; CI -1.20, 1.74). An additional study reporting on impairment as a
categorical variable did not detect differences between groups (RR 1.29; CI 1.00. 1.66,
n=348).37

We could not compute effect estimates for treatment satisfaction in this intervention subset.
Although two studies reported on an academic rating scale, estimates varied widely and we could
not derive a meaningful summary estimate due to wide confidence intervals (SMD -0.72;
CI-9.59, 8.15; 2 studies, n=68).1%% 222

Appetite suppression was not assessed, but the number of participants experiencing an
adverse event is shown in Figure 67.
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Figure 67. Effects of cognitive training on participants with adverse events (RR)

Estrada-Plana, 2019{#422} 1.00 [0.02, 48.66]
Kollins, 2020{#265} -—l—- 3.73[1.07, 13.00]
RE Model ————————— 3.30[0.03, 431.32]
| I i I |
0.02 0.14 1 7.39 54.6
Relative Risk

Notes: RE = random effects, RR = relative risk

Only two studies reported clearly on the number of participants with adverse events in both
treatment arms to determine the presence or absence of adverse events. Across studies, we did
not detect a systematic effect of the intervention compared to a control group (RR 3.30; CI10.03,
431.32; 2 studies, n=402). One of the studies reported no adverse events occurring in either study
arm,?*® the other reported more events in the intervention group, including frustration and
headache (but no serious adverse events). In this small set of studies there was no evidence of
heterogeneity and publication bias could not be assessed. Removing the high risk of bias study

left one estimate that suggested a higher rate of adverse events in the intervention group (RR
3.73; C11.01, 10.83).%7

5.3.5.1 Cognitive Training Comparative Effects

A small number of individual studies had active comparators. One study compared structured
games versus parent training.**® The study did not report on key outcomes, but it concluded that
working memory training is effective.

Four studies compared different cognitive training approaches. study comparing
central executive training versus inhibitory control training did not report on outcomes of interest
in sufficient detail to allow us to compute effect sizes, but the study concluded that the finding
supported the use of central executive training.>*® Another study compared Cogmed working
memory training versus a new active working memory and executive function compensatory
training (paying attention in class).>>> The study reporting finding no difference in a broadband
measure, but it reported insufficient details to compute effect sizes. An additional study
compared executive function training with multiple targets versus working memory training or
inhibition and cognitive flexibility.?* The study did not report on key outcomes addressed in this
review, but it concluded that there was no significant difference on any executive function
measures. Another study compared two cognitive training batteries: ADHD executive
functioning training versus general executive function training not specific to ADHD.%?® The
study reported no difference for ADHD symptoms (SMD 0.08; CI -0.33, 0.48; 1 study, n=94).

229, 368, 595 A
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5.3.5.2 Cognitive Training Summary of Findings

Table 16 shows the findings for the outcomes of interest together with the number of studies
and study identifiers. Comparative effectiveness and safety results are not shown as none of the
identified studies reported on the key outcomes in sufficient detail.

Table 16. KQ2 summary of findings and strength of evidence for cognitive training

Intervention and | Outcome Number of | Findings Reasons for SoE
Comparison Studies; Downgrading

Study

Design

and IDs
KQ2 cognitive Behavior 4 RCTs!4® No systematic effect (SMD -0.29; CI C, 1 Low for no
training vs 229,258,578 -0.84, 0.27; 5 studies, n=337) effect
control
KQ2 cognitive Broadband 6 RCTs Results favor intervention (SMD 0.50; Cc Low for
training vs measures and CTs!?¥ | C10.12, 0.88; 6 studies, n=344; RR benefit
control 222,313, 367, 0.96; CI 0.59, 1.55; 1 study, n=339)

372,457
KQ2 cognitive ADHD 12 RCTs*> | Results favor intervention (SMD C Low for
training vs symptoms 129, 139, 148, -0.37; Cl -0.67, -0.07; 12 studies, benefit
control 221,243,258, n=655; RR 1.28; CI 0.85, 1.94; 1

367, 372, 456, study, n=337)

457,578
KQ2 cognitive Functional 6 RCTs* No systematic effect (SMD 0.41; ClI C Low for no
training vs impairment 148, 199, 243, -0.24, 1.06; 5 studies, n=387) effect
control 258,372
KQ2 cognitive Acceptability | O studies No data C Insufficient
training vs of treatment
control
KQ2 cognitive Academic 2 RCTs'? | No systematic effect but no meaningful | C Insufficient
training vs performance | 2 summary estimate could be derived
control (SMD -0.72; Cl -9.59, 8.15; 2 studies,

n=68)

KQ2 cognitive Appetite 1 study?®’ No effect size data C Insufficient
training vs suppression
control
KQ2 cognitive Participants | 2 RCTs>% | No systematic effect, but no | Insufficient
training vs with adverse | 37 meaningful summary estimate could
control events be derived (RR 3.30; CI 0.03, 431.32;

2 studies, n=402)

Notes: ADHD = attention deficit hyperactivity disorder, C = inconsistency, CI = 95% confidence interval, CT controlled trial
without random assignment, [ = imprecision, KQ = Key Question, RCT = randomized controlled trial, RR = relative risk, SMD =
standardized mean differences, SoE = strength of evidence

Table 16 generally shows an emerging evidence base. Studies predominantly reported on
specific measures rather than generally important outcomes such as ADHD symptoms. Strength
of evidence was downgraded due to heterogeneity or inconsistency in direction of effects, and
imprecision where no meaningful summary estimate could be derived from the available
research. The evidence for multiple outcomes of interest is insufficient to date.

While different cognitive trainings have been compared in comparative effectiveness and
safety evaluations, studies reported on study-specific intermediate outcomes, and it is unclear
whether and which cognitive training is superior to others.
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5.3.6 Neurofeedback

We identified 21 studies using neurofeedback, 126 130, 156,215, 240, 280, 291, 294, 302, 320, 375, 398, 409, 435,
438,483,484, 490, 492, 562, 567 The earliest identified study was published in 2003.2%° Studies came from
11 different countries, in particular Germany and the United States. Almost all studies used a
randomized control trial study design, except for two non-randomized controlled studies,!>® 3%
The populations studied were between the ages of 6 and 18 years. Female population proportions
in mixed samples ranged from 153% to 37°* percent, and three studies did not include any
girls.?!% 484492 In nearly all studies, participants were required to demonstrate an IQ of 80 or
higher. For studies that distinguished between ADHD presentations, the most prevalent type,
ranging from 15%2 to 100°%7 percent of ADHD participants, was the combined type. There were
no reported systemic co-occurring disorders within the included study populations, though many
did not exclude commonly associated co-occurring disorders within their study population. Race
and ethnicity demographics were described in few of the identified studies.*>% 362

A variety of neurofeedback protocols were tested for their efficacy in treating ADHD
symptoms. Two thirds involved theta/beta electroencephalogram (EEG) marker modulation. '
130,136, 172, 215, 240, 291, 294, 302, 398, 458, 492, 362 e third of protocols centered around modulation of
slow cortical potentials.2** 320-375.435. 567 Among the neurofeedback studies, three quarters
reported on a passive control group, including attention-matched task,?'>?*! waitlisted for
intervention,**® %2 and no intervention groups.’*% 362 Several studies reported efficacy results
compared to an alternative intervention, most frequently cognitive training or methylphenidate.

Studies reported a variety of often study-specific outcomes, such as improvement in
individual cognitive tasks as documented in Appendix C, Table C.2. In terms of pre-specified
outcomes, broadband scale scores and standardized symptom scores were the most frequently
reported outcomes.

Studies reporting on reductions in problematic behaviors, such as aggression and off-task
behavior at school, are shown in Figure 68.

136



5. Results: Treatment of ADHD

Figure 68. Effects of neurofeedback on behavior (SMD)

Arnold, 2022{#23948} -0.33 [-0.69, 0.04]
Dashbozorgi, 2021{#18905} ———————— : -1.29 [-1.98, -0.61]
NF Coll. Group, 2021{#307} i -0.12 [-0.45, 0.22]
Steiner, 2014{#17053} ——— 0.25[-0.22, 0.72]
RE Model e —— -0.33 [-1.33, 0.66]

-1.5

-0.5

Notes: RE = random effects, SMD = standardized mean difference

0.5

Standardized Mean Difference

Study results varied considerably, and no systematic effect was seen across studies

(SMD -0.33; CI -1.33, 0.66; 4 studies, n=372). Despite the small number of studies, the analysis
detected heterogeneity (I-squared 86%). There was no indication of publication bias, and
removing a high-risk study did also not indicate a statistically significant effect (SMD -0.52; CI -

-2.00, 0.97). Two of these studies reported long-term behavior improvements, but estimates
varied, and no meaningful summary estimate could be derived (SMD -0.21; CI -1.55; 1.12).1%%

458

Two studies reported on a continuous broadband measure as shown in Figure 69.
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Figure 69. Effects of neurofeedback on broadband measures (SMD)

Arnold, 2022{#23948} 0.38[0.01, 0.74]
Lim, 2019{#322} L 0.46[0.15, 0.77]
RE Model —-——————— 0.42 [-0.08, 0.93]
| | | | |
0 0.2 0.4 0.6 0.8

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

Although studies reported positive effects, the summary estimate was not statistically
significant (SMD 0.42; CI -0.08, 0.93; 2 studies; n=283). Heterogeneity was not detected, and
there were too few studies for further analyses. Of these, one reported significant improvement'°
after 25 months (SMD 0.38; CI 0.01, 0.74).!26 The equivalent analysis for a categorical outcome
is shown in Figure 70.

Figure 70. Effects of neurofeedback on broadband measures (RR)

Arnold, 2022{#23948} L 0.91[0.77, 1.08]
NF Coll. Group, 2021{#307} 0.88 [0.66, 1.18]
RE Model —————u-— 0.91[0.74, 1.11]
| T T i |
0.55 0.67 0.82 1 1.22
Relative Risk

Notes: RE = random effects, SMD = standardized mean difference
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Although studies reported positive effects, the individual nor the pooled studies were not
statistically significant (RR 0.91; CI 0.74, 1.11; 2 studies, n=262). Both studies reported long-
term outcome effects.

Results for ADHD symptoms are reported in Figure 71.

Figure 71. Effects of neurofeedback on ADHD symptoms (SMD)

Bluschke, 2022{#24216} : | -0.57 [-1.32, 0.17]
Dashbozorgi, 2021{#18905} —_ -1.34 [-2.03, -0.66]
Duric, 2017{#271} .—r—| -0.08 [-0.60, 0.44]
Gelade, 2017{#4319} n—-—| -0.27 [-0.77, 0.23]
Gonzalez-Castro, 2016{#12954} ——y -0.57 [-1.08, -0.07]
Hasslinger, 2021{#13002} .—-—| -0.28 [-0.70, 0.14]
Lim, 2019{#322} n—-—| -0.25 [-0.56, 0.06]
NF Coll. Group, 2021{#307} n—-—: -0.35 [-0.68, -0.01]
Rahmani, 2022{#26483} —_— -0.89 [-1.46, -0.32]
Rajabi, 2020{#43} | | -1.25 [-2.01, -0.49]
Steiner, 2014{#17053} n—-—| -0.38 [-0.85, 0.09]
Strehl, 2017{#3452} |—I—| -0.25 [-0.58, 0.09]
RE Model - -0.44 [-0.65, -0.22]

| T T T T T |
2.5 -2 -1.5 -1 -0.5 0 0.5

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, RE = random effects, SMD = standardized mean difference

Across studies, neurofeedback was associated with a statistically significant ADHD
symptom reduction compared to different passive control groups (SMD -0.44; CI -0.65, -0.22;
12 studies, n=945). The youngest children included in the studies were 6 years old. The
analysis detected little heterogeneity (I-squared 33%). Excluding seven high-risk of bias studies
(i.e., more than half of all included studies) resulted in a similar effect estimate but also wider
confidence intervals and consequently, the effect was no longer statistically significant (SMD
-0.59; CI -1.25, 0.06). Similarly, restricting to sham-controlled neurofeedback studies only
resulted in the same effect estimate across studies, but due
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to larger confidence intervals, the effect was not statistically significant (SMD -0.42; CI -1.31,
0.48). This group includes controlled trials without random assignments; restricting to the nine
RCTs found the same point estimate as the overall analysis and the result remained statistically
significant (SMD -0.47; CI-0.79, -0.15). Analyses also suggested the presence of publication
bias (Begg p 0.01, Egger p 0.01). However, the trim and fill method did not suggest a different
effect estimate (SMD -0.43; CI -0.68, -0.18). One of the included studies reported a statistically
significant long-term effect (SMD 0.35; CI 0.68, 0.010) for a continuous outcome,**® but a
second study reporting categorical improvement did not (RR 0.91; CI 0.72, 1.14).126

Studies reporting on functional impairment outcomes are shown in Figure 72.

Figure 72. Effects of neurofeedback on functional impairment (SMD)

Arnold, 2022{#23948} — = | 0.22 [-0.14, 0.58]
NF Coll. Group, 2021{#307} H = | 0.30 [-0.04, 0.64]
Steiner, 2014{#17053} : | 0.00 [-0.47, 0.47]
RE Model e —— 0.21 [-0.14, 0.55]

— T T T T T T 1
06 -04 02 0 02 04 06 08

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

Studies did not indicate a systematic effect of neurofeedback on functional impairment (SMD
0.21; CI-0.14, 0.55; 3 studies; n=332). Statistical heterogeneity was limited (I-squared 49%).
Two of the studies reported long-term improvement, but the effect was not statistically
significant (SMD 0.26; CI -0.24, 0.76).12% 48

We did not identify treatment satisfaction or academic performance estimates. One study
reported on appetite suppression and found no systematic difference between intervention and
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control groups (RR 1.45; CI 0.68, 3.10; 1 study, n=142).**% Identified studies did not report on
the number of participants with adverse events.

5.3.6.1 Neurofeedback Comparative Effects

Seven studies reported on active comparators, including cognitive training,
medication with methylphenidate,?!*** and electromyographic biofeedback,?'> as documented
in the next subsections.

294, 320, 435, 562

5.3.6.1.1 Neurofeedback Versus Cognitive Training
Two studies reported on individual behaviors as documented in Figure 73.

Figure 73. Neurofeedback versus cognitive training on behaviors (SMD)

Gevensleben, 2010{#17058) 0.17 [-0.35, 0.69]
Steiner, 2014{#17053} : = - 0.10 [-0.37, 0.58]
RE Model — 0.13[-0.31, 0.57]
[ I I I I I |
-0.4 0 0.2 0.6

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

Across studies, we found no statistically significant difference between neurofeedback and
cognitive training, but the number of identified studies contributing to the comparison was small
(SMD 0.13; CI1-0.31, 0.57; 2 studies, n=129). The set did not identify heterogeneity; both studies
were classified as high risk of bias.

The identified studies did not compare the effect of neurofeedback and cognitive training on
broadband measures.

Results for ADHD symptoms are shown in Figure 74.
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Figure 74. Neurofeedback versus cognitive training on ADHD symptoms (SMD)

Gevensleben, 2010{#17058} . » . -0.28 [-0.80, 0.24]
Minder, 2018(#4689} 0.30 [-0.34, 0.94]
Steiner, 2014{#17053} .—_.—. 0.17 [-0.30, 0.65]
RE Model :—: 0.05 [-0.69, 0.78]
| | | | |
1 0.5 0 0.5 1

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, RE = random effects, SMD = standardized mean difference

Across studies, we found no systematic difference between interventions (SMD 0.05; CI -
0.69, 0.78; 3 studies, n=167) and little heterogeneity was detected (I-squared 15%) in this small
set of studies (all judged to be high risk of bias). One study reported on a categorical outcome
(number of responders) and also found no statistically significant difference (RR 1.34; CI1 0.76,
2.37; 1 study; n=77).4%

Two studies reported on a functional impairment measure. Both reported no statistically
significant difference between interventions, but estimates varied, and the studies could not be
combined to a meaningful effect estimate (SMD 0.10; CI -1.35, 1.56; 2 studies, n=133) given the
wide confidence intervals.?* 32 We did not identify studies that evaluated neurofeedback versus
cognitive training that reported on other outcomes of interest for the review.

5.3.6.1.2 Neurofeedback Versus Stimulants

Two studies were identified that made comparisons to medication, and each one reported on
some of the outcomes of interest. One study compared personalized at-home neurofeedback
training versus methylphenidate.**® The study found more improvement in broadband measures
in the medication group compared to neurofeedback (RR 3.61; 2.36, 5.52; 1 study, n=149).

Both studies reported on ADHD symptom measures comparing neurofeedback versus
methylphenidate.?! ** Both studies found more improvement associated with methylphenidate,
but effect estimates differed and resulted in wide confidence intervals, precluding a meaningful
effect estimate (SMD 0.52; CI -1.29, 2.34; 2 studies, n=209).2°1: 4¢3

One of the studies reported adverse events; it found significantly fewer participants
experienced adverse events in the neurofeedback versus the methylphenidate group (RR 0.23; CI
0.15, 0.35; 1 study, n=149).4%3
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5.3.6.1.3 Neurofeedback Versus Other Active Comparators

One study compared neurofeedback and electromyographic biofeedback.!*® The authors
reported that for ADHD symptoms, results favored neurofeedback in parent reports, but no effect
estimate could be derived.

5.3.6.2 Neurofeedback Summary of Findings
Table 17 shows the findings for the outcomes of interest, together with the number of studies

and study identifiers for the key outcomes. Comparative effects are shown when more than one

study was identified that reported on the outcome.

Table 17. KQ2 summary of findings and strength of evidence for neurofeedback

methylphenidate

n=167)

KQ2 Intervention Outcome Number of Findings Reasons for SoE
and Comparison Studies; Downgrading
Study Design
and IDs
KQ2 Behavior 4 RCTs!26.215, No systematic effect (SMD -0.33; | Low for no
neurofeedback vs 438, 562 Cl -1.33, 0.66; 4 studies, n=372) effect
control
KQ2 Broadband 4 RCTs!26.3%. No systematic effect, but estimates | | Insufficient
neurofeedback vs | measures 438, 484 varied, and no meaningful
control summary estimate could be derived
(SMD 0.42; CI -0.08, 0.93; 2
studies, n=195; RR 0.91; CI 0.74,
1.11; 2 studies, n=262)
KQ2 ADHD 13 RCTs!%6:215. | Results favor intervention (SMD S, C Low for
neurofeedback vs | symptoms 240,291, 320,398,409, | .0 44; Cl| -0.65, -0.22; 12 studies, benefit
control 458,484,490,492,562, | n=945; RR 0.91; C1 0.72, 1.14; 1
3672 CTs!%%302 | study, n=120)
KQ2 Functional 4 RCTs!26:49, No systematic effect (SMD 0.21; CI | | Low for no
neurofeedback vs | impairment 438, 562 -0.14, 0.55; 3 studies; n=332) effect
control
KQ2 Acceptability | O studies No data C Insufficient
neurofeedback vs | of treatment
control
KQ2 Academic 0 studies No data C Insufficient
neurofeedback vs | performance
control
KQ2 Appetite 1 RCT#® No systematic effect (RR 1.45; CI C Insufficient
neurofeedback vs | suppression 0.68, 3.10; 1 study, n=142)
control
KQ2 Participants | O studies No data C Insufficient
neurofeedback vs | with adverse
control events
KQ2 CER Behavior 2 RCTg% 362 No systematic difference (SMD | Low for no
neurofeedback vs 0.13; Cl1-0.31, 0.57; 2 studies, difference
|_cognitive training n=129)
KQ2 CER ADHD 3 RCTs¥4 435 No systematic difference (SMD | Low for no
neurofeedback vs | symptoms 562 0.05; Cl-0.69, 0.78; 3 studies, difference
|_cognitive training n=167)
KQ2 CER Functional 2RCTs No systematic difference but n | Insufficient
neurofeedback vs | impairment meaningful summary estimate
coghnitive training could be derived (SMD 0.10; CI -
1.35, 1.56; 2 studies, n=133)
KQ2 CER ADHD 2 RCTs1:483 No systematic difference (SMD | Insufficient
neurofeedback vs | symptoms 0.05; C1-0.69, 0.78; 3 studies,
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Notes: ADHD = attention deficit hyperactivity disorder, C = inconsistency, CER = Comparative Effectiveness Review, CI = 95%
confidence interval, CT = controlled trial without random assignment, I = imprecision, KQ = Key Question, RCT = randomized
controlled trial, RR = relative risk, SMD = standardized mean differences, S = study limitation, SoE = strength of evidence

The summary of findings table (Table 17) shows an improvement for ADHD symptom
scores compared to passive control (low strength of evidence, downgraded for study limitation
due to the large number of high-risk of bias studies and inconsistency in effect estimates).
Results for other outcomes were less favorable or unclear. For all outcomes, we downgraded for
imprecision where no summary estimate could be derived. We downgraded the strength of
evidence for appetite suppression due to lack of replication (only one study reported on this
outcome of interest). It should be noted that the included neurofeedback approaches varied by
study, and results reported in the individual studies are shown in the evidence table in more
detail.

We detected no systematic difference between neurofeedback and cognitive training in the
small number of studies that reported on this comparison for the outcomes of interest. We
upgraded the evidence for broadband measure scores comparing neurofeedback versus
methylphenidate due to the large effect. All other comparisons were downgraded for the domain
inconsistency by two (results were based on a single study, and it was not possible to determine
whether another study by another author group would report an effect) and study limitation
(unclear whether the study was statistically powered to detect an effect for the outcome).

5.3.7 Neurostimulation

We identified one study evaluating neurostimulation that met eligibility criteria.’!” The study
was an RCT conducted in Israel. The proportion of girls was 28 percent. It included youth with
inattentive, hyperactive, and combined ADHD presentation. The study evaluated a transcranial
direct current stimulation protocol plus cognitive therapy compared to sham neurostimulation
plus cognitive therapy.

The study did not find an effect on the CBCL (Child Behavior Checklist) total score (SMD
0.19; CI-0.60, 0.97, 1 study, n=25). There was also no statistically significant improvement in
ADHD symptoms based on the Vanderbilt scale score (SMD -0.58; CI -1.39, 0.22; 1 study,
n=25). The study did not report on any other outcomes of interest that allowed calculation of an
effect size, but it noted that three children in the active stimulation group reported headaches
resulting in withdrawal of one child and temporary suspension of the intervention for the other
two children.’!’

The summary of findings table (Table 18) summarizes the findings across studies.

Table 18. KQ2 summary of findings and strength of evidence for neurostimulation

KQ2 Intervention Outcome Number of Findings Reasons for SoE
and Comparison Studies; Downgrading
Study Design
and IDs
KQ2 Behavior 0 studies No data C Insufficient
neurostimulation
vs control
KQ2 Broadband 1 RCT3V No systematic effect (SMD 0.19; CI | S, C Insufficient
neurostimulation measures -0.60, 0.97, 1 study, n=25)
vs control
KQ2 ADHD 1 RCT?7 No systematic effect (SMD -0.58; S, C Insufficient
neurostimulation symptoms Cl-1.39, 0.22; 1 study, n=25)
vs control
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KQ2 Intervention Outcome Number of Findings Reasons for SoE
and Comparison Studies; Downgrading
Study Design
and IDs
KQ2 Functional 0 studies No data C Insufficient
neurostimulation impairment
vs control
KQ2 Acceptability | O studies No data C Insufficient
neurostimulation of treatment
vs control
KQ2 Academic 0 studies No data C Insufficient
neurostimulation performance
vs control
KQ2 Appetite 0 studies No data C Insufficient
neurostimulation suppression
vs control
KQ2 Participants | O studies No data C Insufficient
neurostimulation with adverse
vs control events

Notes: ADHD = attention deficit hyperactivity disorder, C = inconsistency, CI = 95% confidence interval, I = imprecision, KQ =
Key Question, RCT = randomized controlled trial, S = study limitation, SMD = standardized mean differences, SoE = strength
of evidence

We downgraded all outcomes to insufficient. Although the one identified study reported on a
broadband measure and ADHD symptoms, the study was small and likely not powered for the
documented effect size calculation.

5.3.8 Physical Exercise

We identified seven studies reporting on physical exercise interventions that met eligibility
criteria, 180 239 345, 353,396, 406, 503 Gy dies were conducted in China, Germany and Switzerland,
Korea, Taiwan, Tunisia, and Turkey. None of the studies were conducted in the U.S. The percent
of female participants ranged from 10%° to 23,%° where reported.

Studies addressed very different interventions. Two studies evaluated a martial arts
intervention.*>* 4% One study each reported on the effects of treadmill training plus whole body
vibration,?* table tennis training,'*® aerobic and neurocognitive exercise,**® physiotherapeutic
treatment,’** and exergaming using a running or jumping board with connected screen.>*

With one exception, the identified studies did not report on the prespecified outcomes, nor
did they report on the outcomes with sufficient detail to compute effect sizes. One RCT
published in 2020?* compared treadmill training plus whole body vibration training, versus
treadmill training alone, in children with ADHD. The study was conducted in Turkey; children
ranged in age from seven to 11 years and were treatment naive. Eighty percent of participants
had combined type ADHD and the same percentage were male. The study reported no difference
between groups (SMD 0.20; -0.51, 0.92; 1 study, n=30) for a broadband measure. Other results
are shown in the evidence table in the appendix.

5.3.8.1 Exercise Comparative Effectiveness

Two of the identified studies had an active comparison group. A study evaluating
physiotherapeutic treatment to train motor skills versus methylphenidate did not report sufficient
detail to allow effect size calculation for any of the outcomes of interest, but the study concluded
that there is no clear evidence for beneficial effects of methylphenidate or physiotherapeutic
treatment on children’s overall graphomotor movements.>”® A study evaluating the therapeutic
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effect of table tennis training compared to simulated table tennis did not also not report sufficient
detail for effect size calculations; the study concluded that table tennis motor coordination

activities improve executive functions and handwriting problems.

5.3.8.2 Exercise Summary of Findings

Table 19 below shows the effect estimates for the outcomes of interest.

Table 19. KQ2 summary of findings and strength of evidence for physical exercise

KQ2 Outcome Number of Findings Reasons for SoE
Intervention and Studies; Downgrading
Comparison Study

Design and

IDs
KQ2 exercise vs | Behavior 0 studies No data C Insufficient
control
KQ2 exercise vs | Broadband 1 RCT? No systematic effect (SMD 0.20; C Insufficient
control measures Cl-0.51, 0.92; 1 study, n=30)
KQ2 exercise vs | ADHD 1 RCT*%® No data C Insufficient
control symptoms
KQ2 exercise vs | Functional 0 studies No data C Insufficient
control impairment
KQ2 exercise vs | Acceptability | O studies No data C Insufficient
control of treatment
KQ2 exercise vs | Academic 0 studies No data C Insufficient
control performance
KQ2 exercise vs | Appetite 0 studies No data C Insufficient
control suppression
KQ2 exercise vs | Participants | O studies No data C Insufficient
control with adverse

events

Notes: C = inconsistency, CI = 95% confidence interval, KQ = Key Question, RCT = randomized controlled trial, SMD =
standardized mean differences, SoE = strength of evidence

Given the lack of studies or lack of replication of effects in more than one study, we
determined evidence for all outcomes of interest to be insufficient.

5.3.9 Nutrition and Supplements

We identified 39 studies of nutrition or supplement interventions. The vast majority were
placebo-controlled studies of dietary supplements. Several evaluated nutritional supplements as
augmentation to stimulant medication. The earliest eligible study was published in 2004. Only

two of the identified studies were conducted in the United States.>>% ®% Most others were

conducted in the Middle East or Europe and only three were conducted in the United States.>>*
601,696 A] studies but one (which included children as young as four)*’? enrolled children at least
six years of age. Race and ethnicity were rarely reported, perhaps due to the racial homogeneity

of the trial locations. Two studies had no females,

209, 364

while the others reported including

between six and 45 percent included girls. ADHD presentations were rarely reported. Children
with psychological and psychiatric co-occurring disorders were excluded from at least half the

studies. One studied children with co-occurring epilepsy,
chronic sleep-onset insomnia.

596

and one

478

262
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The studies assessed a wide range of dietary and supplement approaches. Omega 3 fatty acid
(DHA and/or EPA) was evaluated in 13 studies.!*3: 171 178,209, 212, 262, 310, 318, 349, 411, 441, 510, 601 Three
studies evaluated vitamins.*** 3% 305 Two studies evaluated saffron!?% 3% two evaluated zinc
sulfate,!'® 14 The DASH (Dietary Approaches to Stop Hypertension) diet,*** an individually
designed restricted elimination diet,*’? and a further dietary intervention®’® were also studied.
Two studies evaluate melatonin.*** 3¢ The most common categories of outcomes were
broadband and ADHD symptom scores. In terms of instruments, CPRS and the ADHD Rating
Scale, 4™ Version (ADHD RS-1V) were the most frequently reported outcome measures.

Figure 75 shows results for individual problem behavior such as teacher-reported conduct
problems evaluated in individual studies; the figure is ordered by dietary supplement.

Figure 75. Effects of nutrition or supplements on behavior (SMD)

Hirayama, 2014{#24381} PS : i -0.33[-0.99, 0.33]
Crippa, 2019{#455} omega 3 : | -0.18 [-0.75, 0.38]
Tzang, 2016{#13495} sarcosine I—I—| -0.27 [-0.64, 0.09]
Hemamy, 2021{#511} vitamins f = { -0.39 [-0.87, 0.10]
Rucklidge, 2018{#4909} vitamins : = | -0.23 [-0.63, 0.18]
RE Model - -0.28 [-0.37, -0.18]

[ | I I

-1 -0.5 0 0.5

Standardized Mean Difference

Notes: PS = phosphatidylserine, RE = random effects, SMD = standardized mean difference

Across studies, nutritional approaches (docosahexaenoic acid, phosphatidylserine, vitamins
and minerals, sarcosine), were associated with improvement in problem behavior compared to
control (SMD -0.28; CI -0.37, -0.18; 5 studies, n=360). None of the studies included children
under six years of age. There was no evidence of heterogeneity and publication bias was not
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detected. All studies used random assignment to treatment groups and excluding one high risk of
bias study found a similar effect (SMD -0.25; CI -0.33, -0.17). The included omega 3 study
(n=49), the most commonly evaluated nutrition or supplement intervention in this subgroup,
reported no statistically significant differences, and heterogeneity could not be determined (SMD
0.18; CI-0.38, 0.75).2!2

Results of nutrition and supplements on broadband measures are shown in Figure 76.

Figure 76. Effects of nutrition or supplements on broadband measures (SMD)

Van der Heijden, 2007{#24345} melatonin—— -0.44 [-0.82, -0.05]

Carucci, 2022{#25728} omega 3 n—I—| 0.13[-0.21, 0.46]
Cornu, 2018{#283} omega 3 '—I—H -0.27 [-0.58, 0.05]
Crippa, 2019{#455} omega 3 0.31[-0.26, 0.87]
Gustafsson, 2010{#17028} omega 3 -—I—- -0.24 [-0.65, 0.17]
Johnson, 2009{#17031} omega 3 R 0.63[0.17, 1.09]
Manor, 2012{#14854} omega 3 —— -0.07 [-0.42, 0.28]
Salehi, 2016{#13378} omega 3 -—-—- 0.01[-0.38, 0.41]
Rucklidge, 2018{#4909} vitamins -—-—- 0.46 [ 0.05, 0.87]
RE Model i 0.04 [-0.23, 0.30]

[ I [ I I |

-1 -0.5 0 05 1 1.5

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

Across studies, we did not detect a consistent effect of the intervention compared to control
(SMD 0.04; CI-0.23, 0.30; 9 studies, n=953). There was some evidence of heterogeneity (I-
squared 66%). Heterogeneity was not explained by risk of bias; excluding two high-risk of bias
studies resulted in a very similar estimate (SMD 0.06; CI -0.31, 0.44) and heterogeneity
increased. There was no evidence of publication bias. The most common supplement assessed in
this category was omega 3 and when restricting to omega 3 studies, results for broadband
measures were similar in not showing a systematic benefit across seven studies (n=755) and
there was less heterogeneity (SMD 0.04; CI -0.24, 0.32; I-squared 54%).!7!-20% 212,310, 349,411, 510
A few studies assessed the number of participants that improved (categorical measure) according
to a broadband measure as shown in Figure 77.
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Figure 77. Effects of nutrition or supplements on broadband measures (RR)

Arnold, 2007{#28665} ALC : | 0.80 [0.33, 1.92]
Weber, 2008{#17429} St. John's wort —— 1.17 [0.67, 2.04]
Johnstone, 2022{#18993} vitamins ~ ——————— 0.40 [0.23, 0.68]
Rucklidge, 2018{#4909} vitamins —.— 0.60 [0.35, 1.05]
RE Model D 0.68 [0.32, 1.43]

| I I I I |
0.22 0.37 0.61 1 1.65 2.72

Relative Risk

Notes: ALC = acetyl-L-carnitine, RE = random effects, RR = relative risk

Similar effects are shown for broadband measures used as a categorical variable and the
analysis did not detect a systematic treatment effect (RR 0.68; CI 0.32, 1.43; 4 studies, n=385).
The studies assessed different interventions, including a metabolite for energy metabolism,!%
micronutrients,>> vitamin-mineral treatment,’®> and St. John’s Wort®*® and there was some
evidence of heterogeneity (I-squared 73%). None of the studies were judged to be high risk of
bias. There no indication of publication bias.

All studies reporting on the effects of nutrition or supplements on ADHD symptoms are
shown in Figure 78.
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Figure 78. Effects of nutrition or supplements on ADHD symptoms (SMD)

Abbasi, 2011{#17191} ALC |—-—| -0.21[-0.83, 0.42]
Arnold, 2007{#28665} ALC — 0.06 [-0.31, 0.43]
Hirayama, 2014{#24381} PS —_— -0.85 [-1.54, -0.17]
Weber, 2008{#17429} St. John's wort l——-—| 0.22 [-0.31, 0.76]
Rafeiy-Torghabeh, 2021{#318} antioxidant I—l—| -0.38 [-0.89, 0.14]
Tan, 2016{#27194} antioxidant |—~l—| 0.14 [-0.19, 0.46]
Ghanizadeh, 2015{#27204} diet —-— 0.13 [-0.29, 0.56]
Khoshbakht, 2021{#3097} diet |—-—| -0.53 [-0.97, -0.08]
Pelsser, 2011{#14037} diet —— -2.06 [-2.55, -1.58]
Katz, 2010{#17032} herbs —a— -1.05 [-1.45, -0.64]
Pongpitakdamrong, 2021{#4839} iron l—-——i -0.15[-0.70, 0.39]
Carucci, 2022{#25728} omega 3 n—-—| -0.22 [-0.53, 0.09]
Chang, 2019{#4092} omega 3 I—I—| 0.28 [-0.13, 0.69]
Cornu, 2018{#283} omega 3 |—~—I—| 0.20 [-0.12, 0.51]
Crippa, 2019{#455} omega 3 |—-—| -0.11 [-0.67, 0.45]
Hariri, 2012{#17029} omega 3 —a— -0.72 [-1.09, -0.35]
Johnson, 2009{#17031} omega 3 I—I—v—i -0.35[-0.81, 0.10]
Mohammadzadeh, 2019{#2986} omega 3 I——I—| 0.22 [-0.27, 0.70]
Khaksarian, 2021{#8049} saffron —a— -0.97 [-1.46, -0.47]
Johnstone, 2022{#18993} vitamins |—I—| 0.09 [-0.26, 0.44]
Rucklidge, 2018{#4909} vitamins |—I——| -0.15[-0.56, 0.25]
Mostajeran, 2020{#13229} whey protein N -1.07 [-1.59, -0.55]
Bilici, 2004{#15098} zinc i -1.61[-1.84, -1.38]
RE Model - -0.39 [-0.67, -0.12]
| | | i |
-3 -2 -1 0 1

Standardized Mean Difference

Notes: ALC = acetyl-L-carnitine, PS = phosphatidylserine, RE = random effects, SMD = standardized mean difference

Across studies, analyses for the nutritional approaches and supplements showed a positive
effect on ADHD symptoms compared to control (SMD -0.39; CI-0.67, -0.12; 23 studies,
n=2357). The youngest children included in the studies were four years old. There was
considerable heterogeneity (I-squared 89%) in results across studies. The largest effects were
reported by a study evaluating a zinc sulfate supplement'* and a restricted elimination diet.*’?
There was no evidence of publication bias. Most identified studies were RCTs; restricting to
parallel RCTs exclusively found a similar effect (SMD -0.32; CI -0.55, -0.08). Excluding four
high-risk of bias studies suggested a smaller treatment estimate but the result was still
statistically significant (SMD -0.26; CI -0.52, -0.01), and heterogeneity was not reduced. An
omega 3 supplement was the only comparable intervention that was studied in more than one of
the otherwise very diverse studies. Restricting to the seven omega 3 studies (n=719) did not find
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any benefits of the supplement (SMD -0.11; CI -0.45, 0.24; I-squared 71%).!7!: 178,209,212, 318, 349,
441 The studies reporting on symptom improvement as a categorical variable (i.e., number of
participants showing a treatment response) are shown in Figure 79.

Figure 79. Effects of nutrition or supplements on ADHD symptoms (RR)

Bilici, 2004{#15098} zinc —— 1.41[0.85, 2.33]
Carucci, 2022{#25728} omega 3 -—-—- 1.03[0.69, 1.51]
Johnson, 2009{#17031} omega 3 3.97 [0.93, 16.95]
RE Model ————————— 1.27 [0.46, 3.52]
| i I | |
0.37 1 272 7.39 20.09
Relative Risk

Notes: RE = random effects, RR = relative risk

Studies did not indicate a statistically significant effect of nutrition interventions on ADHD
symptoms when using a categorical outcome. (RR 1.27; CI 0.46, 3.52; 3 studies, n=416). Despite
the small number of studies, some heterogeneity was detected (I-squared 24%). There was no
evidence of publication bias. Two studies (n=224) with a categorical ADHD symptom measure
evaluated omega 3; the studies found no statistically significant effect (RR 1.67; 0.00, 6502; I-
squared 68%),!7!: 3% heterogeneity was not reduced, and the estimate was very imprecise.

Effects of nutrition and supplements on functional outcomes are shown in Figure 80.
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Figure 80. Effects of nutrition or supplements on functional impairment (SMD)

Khoshbakht, 2021{#3097} diet I - i 0.54 [ 0.09, 0.98]
Hemamy, 2021{#5611} vitamins ' | 0.66 [ 0.16, 1.15]
Johnstone, 2022{#18993} vitamins I—I—i 0.00 [-0.35, 0.39]
RE Model ——_—— 0.37 [-0.52, 1.26]
[ I I I I
-0.5 0 0.5 1 1.5

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

Across available studies reporting sufficient detail for effect size calculations, no systematic
benefit was found for functional impairment (SMD 0.37; CI -0.52, 1.26; 3 studies, n=272).
Studies evaluated different interventions, including vitamin D plus magnesium,?*
micronutrients,** and the DASH diet.>** Despite the small number of studies, the analysis
detected heterogeneity (I-squared 65%).

There were no data for treatment acceptability or academic performance.

A few studies assessed continuous variables indicative of appetite suppression, such as
height, body mass index (BMI), and weight changes as shown in Figure 81.
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Figure 81. Effects of nutrition or supplements on appetite suppression (SMD)

Arnold, 2007{#28665} ALC : - | 0.18 [-0.19, 0.55]
Manor, 2012{#14854} omega 3 : = | 0.16 [-0.17, 0.49]
Johnstone, 2022{#18993} vitamins ¢ = | -0.22 [-0.57, 0.13]
Rucklidge, 2018{#4909} vitamins : | -0.11 [-0.54, 0.31]
RE Model ——-—-—— 0.01[-0.31, 0.33]
| T | T |
1 0.5 0 0.5 1

Standardized Mean Difference

Notes: ALC = acetyl-L-carnitine, RE = random effects, SMD = standardized mean difference

There were no differences between treatment arms (SMD 0.01; CI -0.31, 0.33; 4 studies,
n=485) for appetite suppression measures. Heterogeneity was negligible (I-squared 19%). There
was no indication of publication bias. Removing one high risk of bias study showed no effect
either (SMD -0.05; CI -0.58, 0.48). One of the studies assessed omega 3 specifically (n=162); the
study did not detect a statistically significant effect (SMD 0.16; CI-0.17, 0.49; I-squared 0).*!
The equivalent analysis for a categorical outcome (number of participants reporting appetite
suppression) is shown in Figure 82.
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Figure 82. Effects of nutrition or supplements on appetite suppression (RR)

Abbasi, 2011{#17191} ALC l—I—! 0.87 [0.39, 1.95]
Rafeiy-Torghabeh, 2021{#318} antioxidant l—-—-—| 0.75[0.30, 1.90]
Katz, 2010{#17032} herbs ' { 0.46 [0.04, 4.93]
Mohammadi, 2012{#17034} melatonin l—I—i 1.17 [0.67, 2.06]
Tzang, 2016{#13495} sarcosine I—-—I—| 1.25[0.82, 1.92]
Akhondzadeh, 2004{#24386} zinc I—-I—i 1.14 [0.50, 2.61]
RE Model 0 1.10[0.88, 1.38]

0.02 0.05 0.14 0.37 1 272 739

Relative Risk

Notes: ALC = acetyl-L-carnitine, PS = phosphatidylserine, RE = random effects, RR = relative risk

The equivalent analyses for a categorical outcome came to similar conclusions and did not
detect an effect on appetite suppression (RR 1.10; CI 0.88, 1.38; 6 studies, n=439). The analysis
did not detect heterogeneity. There was some indication of publication bias (Begg p 0.06, Egger
p 0.02). An alternative estimate using the trim and fill method also showed no systematic benefit
(RR 1.16; CI 0.89, 1.51). Removing a high-risk of bias study in a sensitivity analysis found a
similar effect (RR 1.14; CI 0.88, 1.48) suggesting that the result was not primarily driven by poor
methodology.

Studies evaluating the effects of nutrition or supplements on adverse events are shown in
Figure 83.
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Figure 83. Effects of nutrition or supplements on participants with adverse events (RR)

Carucci, 2022{#25728} omega 3 —p— 0.68[0.12, 3.92]
Cornu, 2018{#283} omega 3 _H 0.70 [0.30, 1.65]
Crippa, 2019{#455) omega 3 1.00 [0.02, 48.52]
Fallah, 2018{#4252} omega 3 -—-—- 1.40 [0.44, 4.42]
Johnstone, 2022{#18993} vitamins L 0.55[0.41, 0.73]
Pongpitakdamrong, 2021{#4839} iron 1.00 [0.02, 48.59]
Van der Heijden, 2007{#24345} melatonin 20.61 [1.24, 342.90]
Weber, 2008{#17429} St. John's wort n—l—| 0.92[0.49, 1.70]
RE Model --- 0.77 [0.47, 1.27]

0.02 0.14 1 7.39 546

Relative Risk

Notes: RE = random effects, RR = relative risk

Across studies, there was no indication that the interventions were associated with a higher
risk of experiencing an adverse event (RR 0.77; CI 0.47, 1.27; 8 studies, n=735). Heterogeneity
was negligible (I-squared 26%), there was no evidence of publication bias, and none of the
studies contributing to the effect estimate were considered high risk of bias. This analysis
included four omega 3 studies. The result for this subset (n=398) was similar to the overall
analysis and omega 3 was also not associated with an increased risk of experiencing adverse
events (RR 0.87; CI 0.48, 1.56; I-squared 0).

5.3.9.1 Nutrition and Supplements Comparative Effects

Few of the nutrition and supplement studies used active comparators comparing the nutrition
or supplement to a different intervention.

Three studies compared to methylphenidate while the intervention group received saffron,'*
sweet almond syrup,*** or ginkgo biloba>” Two of the studies reported on symptoms but they
found conflicting results. One reported no difference between saffron versus methylphenidate
groups, while one favored methylphenidate over ginkgo biloba and the studies could not be
combined to a meaningful summary estimate (SMD 0.40; CI -4.80, 5.59; 2 studies, n=100).
However, both studies reported also on the outcome appetite suppression as shown in Figure 84.
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Figure 84. Nutrition or supplements versus methylphenidate on appetite suppression (RR)

Baziar, 2019{#287} saffron vs MPH 0.4010.09, 1.87]
Salehi, 2010{#17221} ginkgo vs MPH — 0.26 [0.12, 0.59]
RE Model — 0.29[0.03, 2.59]
| I I i |
0.05 0.14 0.37 1 2.72
Relative Risk

Notes: RE = random effects, RR = relative risk

Both studies found more events in the methylphenidate groups but due to the small number
of studies and differences in effect sizes, the pooled effect was not statistically significant (RR
0.29; CI10.03, 2.59; 2 studies, n=100).

One study compared omega 3 versus zinc supplements and found no difference in a
broadband measure (SMD 0.02; CI-0.37, 0.41; 1 study, n=150).31°

5.3.9.2 Nutrition and Supplements Summary of Findings

Table 20 displays the findings for each outcome category along with the number of studies
and study identifiers. The summary of findings table displays data for all outcomes of interest
across all nutrition/supplements. In addition, the table shows the effects for specific supplements
where more than one study reported on the particular agent for the outcome; only Omega 3 was
evaluated in more than one study reporting on the same outcome. Results of the individual
studies are documented in Appendix C, Table C.2.

Table 20. KQ2 summary of findings and strength of evidence for nutrition and supplements

KQ2 Intervention | Outcome Number of Studies; Findings Reasons for SoE
and Comparison Study Design and IDs Downgrading
KQ2 nutrition/ Behavior 6 RCTs?!2 324,328,505, 586,590 | Results favor intervention S, | Low for
supplements vs across the diverse nutrition benefit
control and supplement approaches

(SMD -0.28; CI -0.37,-0.18; 5

studies, n=360)
KQ2 nutrition/ Broadband | 14 RCTs!!6:125, 171,209,212, No systematic effect (SMD C Moderate for
supplements vs measures 310, 349, 350, 411, 505, 510, 586, 596, 0.04; C1-0.23, 0.30; 9 studies, no effect
control 606 n=953; RR 0.68; Cl| 0.32, 1.43;

4 studies, n=385)
KQ2 Broadband No systematic effect (SMD S Moderate for
Omega 3 vs measures 5710RCTS”1’209’212’310’ 49,411 0.04; Cl-0.24,0.32; 7 no effect
control studies, n=755)

156




5. Results: Treatment of ADHD

KQ2 Intervention | Outcome Number of Studies; Findings Reasons for SoE
and Comparison Study Design and IDs Downgrading
KQ2 nutrition/ ADHD Results favor intervention Low for
supplements vs | symptoms | 26 RCTs!0% 12 38 19. 171 1 50066 the diverse nutrition benefit
control 178,209,212, 295,296, 318,328, 349 | and supplement approaches
, 350, 360, 363, 364, 440, 441, 443, 47 (SMD _0.39; Cl _0_67’ _0_12; 23
2,478, 488, 505, 579, 606 studies, n=2357; RR 1.27; ClI
0.46, 3.52; 2 studies, n=416)
KQ2 ADHD No systematic effect (SMD - S Low for no
Omega 3 vs symptoms igl'\ETs”L 178,209,212, 240,318, 11 g 4 1; Cl -0.45, 0.24; 7 studies, effect
control ’ n=719; RR 1.67; 0.00, 6502; 2
studies, n=224)
KQ2 nutrition/ Functional | 4 RCTg324 350,364,411 No systematic effect (SMD S, | Low for no
supplements vs impairment 0.37; Cl -0.52, 1.26; 3 studies, effect
control n=272)
KQ2 nutrition/ Acceptabilit | O studies No data C Insufficient
supplements vs y of
control treatment
KQ2 nutrition/ Academic 0 studies No data C Insufficient
supplements vs performanc
control e
KQ2 nutrition/ Appetite 12 RCTs!04 116, 125, 350, 360, No systematic effect (SMD - S Low for no
supplements vs changes 411, 440, 441, 488, 505, 590, 606 0.01; C1-0.31, 0.33; RR 1.10; effect
control and growth Cl1 0.88, 1.38; 6 studies,
suppressio n=439)
n
KQ2 nutrition/ Number of | 1 RCTs®! No systematic effect (RR 0.77; | S Moderate for
supplements vs participants Cl 0.47, 1.27; 8 studies, no effect
control with n=735)
adverse
events
KQ2 Number of | 5 RCTs!7!209,212,262,411 No systematic effect (RR 0.87; | S Low for no
Omega 3 vs participants Cl10.48, 1.56, 3 studies, effect
control with n=398)
adverse
events
KQ2 CER ADHD 2 RCTg!36:509 No systematic effect (SMD C Insufficient
supplement vs symptoms 0.40; CI -4.80, 5.59; 2 studies,
methylphenidate n=100)
KQ2 CER Appetite 2 RCTs!36:509 No systematic effect (RR 0.29; | C, | Low for
supplement vs changes Cl1 0.03, 2.59; 2 studies, favoring
methylphenidate | and grows n=100) supplements
suppressio
n

Notes: ADHD = attention deficit hyperactivity disorder, C = inconsistency, CER = Comparative Effectiveness Review, CI = 95%

confidence interval, I = imprecision, KQ = Key Question, RCT = randomized controlled trial, RR = relative risk, S = study
limitation, SMD = standardized mean differences, SoE = strength of evidence

The majority of studies reported on ADHD symptoms, and we found low strength of
evidence that nutrition and supplements can show benefits. We downgraded by two for
inconsistency since we only found effects for one outcome type (continuous, not categorical
data) and the continuous data showed considerable heterogeneity. In addition, the evaluated
supplements and dietary approaches were very diverse. And it was not possible to identify an
effect of a specific intervention that has shown positive effects in more than one study. There

was also a positive effect shown for individual problem behaviors, but the number of studies and

samples were small, none of the individual studies reported statistically significant effects, and

an additional study may change the statistical significance of the pooled effect (downgraded by
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two for imprecision). We found no effect on broadband measures and no statistically significant
difference between study arms for functional impairment; we downgraded the strength of
evidence due to heterogeneity (inconsistency). There was insufficient evidence to estimate the
effect on acceptability of treatment and academic performance due to the lack of research
studies. There was moderate strength evidence that nutrition and supplement interventions are
just as safe as a placebo, but we downgraded for study limitation as some studies had reported
adverse events but did not report on the number of participants experiencing adverse events.

The evaluated supplements and dietary approaches were very diverse but the effect of omega
3 has been assessed in multiple studies. We found no evidence that omega 3 improves behavior,
broadband measure scores, or ADHD symptoms, and it was not associated with appetite
suppression or experiencing adverse events. We downgraded the omega 3 evidence due to study
limitations.

We found two studies that reported the comparative effectiveness of supplements versus
methylphenidate. While both reported on ADHD symptoms, we determined the strength of
evidence to be insufficient because of the small number of studies reporting on two different
supplements (inconsistency), studies reported conflicting results (inconsistency) and no
meaningful summary estimate could be derived (imprecision). There was low strength of
evidence that supplements reported fewer appetite suppression events than methylphenidate
(downgraded for inconsistency and imprecision). We downgraded the strength of evidence for no
difference between omega 3 and zinc in broadband measures to insufficient (study limitation,
downgraded by two as the single study did not let us assess inconsistency).

5.3.10 Complementary, Alternative, or Integrative Medicine

We identified six studies that evaluated complementary, alternative, or integrative medicine
interventions, 2% 130 278,279, 332, 646 gty dijes were published between 2001 and 2022; they were
conducted in Switzerland,?’®?’° China,®*¢ Iran,'>° Israel,'*® and Korea.?*? All studies included
both children and adolescents and participants were predominately male. Race or ethnicity of the
included study participants was not reported. ADHD presentations were also not reported.
Studies evaluated acupuncture, homeopathy, and hippotherapy. Three studies compared to a
passive control group (waitlist, placebo, attention-matched control).

None of the studies reported on individual problem behaviors.

Two of the identified studies reported on a broadband measure in sufficient detail to calculate
an effect size, but the estimates varied greatly, and no meaningful summary estimate could be
derived (SMD 0.03; CI -3.66, 3.73; 2 studies, n=218).3*> %46 One acupoint stimulation study
reported a positive effect on a categorical broadband measure (RR 0.23; CI 0.07, 0.75; 1 study,
n=78).64

The studies reporting on ADHD symptoms are shown in Figure 85.
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Figure 85. Effects of complementary, alternative, or integrative medicine on ADHD symptoms
(SMD)

Aviv, 2021{#27246} —— -0.90 [-1.27, -0.53]
Binesh, 2020{#311} —_— 0.41[-0.15, 0.97]
Hong, 2016{#7764} i 0.08 [-0.27, 0.44]

RE Model — -0.15 [-1.84, 1.53]

| T T T T |
-1.5 -1 -0.5 0 0.5 1

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, RE = random effects, SMD = standardized mean difference

We did not detect a systematic effect of interventions (SMD -0.15; CI -1.84, 1.53; 3 studies,
n=313). The studies evaluated hippotherapy, traditional acupuncture, and auricular acupuncture.
The positive effect was reported by a study evaluating therapeutic horseback riding.'?® One of
the studies reported on symptom improvement as a categorical variable and found auricular
acupuncture improved symptoms (RR 4.26; CI 1.42, 12.77; 1 study, n=44).'>

None of the identified studies reported sufficient detail to calculate effect estimates for the
other outcomes of interest, including functional impairment, treatment satisfaction, academic
performance, and appetite suppression.

One study evaluating transcutaneous electrical acupoint stimulation reported on the number
of participants with adverse events. The study did not demonstrate a statistically significant
effect of the intervention compared to sham treatment (RR 2.00; C10.19, 21.16; 1 study, n=78)
and it reported that adverse events were rare and not serious.%4®

5.3.10.1 Complementary, Alternative, or Integrative Medicine

Comparative Effects

One of the identified studies (n=115) compared homeopathy and methylphenidate.?”® The
high risk of bias study used the CGI scale but did not provide sufficient detail to allow
computation of effect sizes. The authors concluded that homeopathic treatment appears to be
similar to the effect of methylphenidate.

5.3.10.2 Complementary, Alternative, or Integrative Medicine

Summary of Findings
Table 21 shows the findings for the outcomes of interest together with the number of studies
and study identifiers.
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Table 21. KQ2 summary of findings and strength of evidence for CAM

Intervention and | Outcome Number of Findings Reasons for SoE
Comparison Studies; Downgrading
Study Design
and IDs

KQ2 CAM vs Behavior 0 studies No data C Insufficient
control
KQ2 CAM vs Broadband 3 RCTs278.332 No systematic effect (SMD 0.03; CI | C, | Insufficient
control measures 646 -3.66, 3.73; 2 studies, n=218; RR

0.23; C10.07, 0.75; 1 study, n=78)
KQ2 CAM vs ADHD 3 RCTs!28. 150, No systematic effect and no C Insufficient
control symptoms 332 meaningful summary estimate

could be derived (SMD -0.15; Cl

-1.84, 1.53; 3 studies, n=313)
KQ2 CAM vs Functional 0 studies No data C Insufficient
control impairment
KQ2 CAM vs Acceptability | O studies No data C Insufficient
control of treatment
KQ2 CAM vs Academic 0 studies No data C Insufficient
control performance
KQ2 CAM vs Appetite 0 studies No data C Insufficient
control suppression
KQ2 CAM vs Participants | 1 RCT%¢ No systematic effect (RR 2.00; ClI S,C Insufficient
control with adverse 0.19, 21.16; 1 study, n=78)

events

Notes: C = inconsistency, CAM = Complementary, Alternative, or Integrative Medicine; CI = 95% confidence interval, I =
imprecision, KQ = Key Question, RCT = randomized controlled trial, RR = relative risk, S = study limitation, SMD =
standardized mean differences, SoE = strength of evidence

Very few studies reported on the key outcomes selected for the review and the conclusion for
the outcomes was that the evidence base is insufficient because of lack of research, conflicting
results, and lack of replication of effects for specific integrative or alternative medicine
approaches. The strength of evidence was determined to be insufficient for broadband measure
scores due to inconsistency and imprecision. Studies evaluated different interventions, and no
meaningful summary estimate of the intervention group could be derived. The strength of
evidence was determined to be insufficient for symptoms because of conflicting results across
studies and lack of meaningful summary estimate; it is unclear whether complementary,
alternative, or integrative medicine interventions have an effect on ADHD symptoms. Similarly,
the strength of evidence was determined to be insufficient for the number of participants with
adverse events. Given the variation in approaches, the identified study is unlikely a good
representation of expected adverse events for this intervention group, and only one of the
identified studies reported on the outcome.

Only one comparative effectiveness study was identified, and it reported insufficient details
to compute effect sizes for the outcomes of interest; hence the strength of evidence was
determined to be insufficient.

5.3.11 Parent Support

We identified 19 studies evaluating an intervention primarily targeting parents.
257,265,266, 325, 333, 384, 428, 520, 544, 550-552. 569, 385, 593 §ome psychosocial studies presented earlier in the
chapter also included a parent component, but as an addition to targeting the children and
adolescents directly. The studies in this section do not mention a component directed at the youth

110, 176, 200, 228,
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with ADHD and instead focus on the parents. The earliest identified parent support study was
published in 2001.%%° Evaluations were published in 13 different countries, primarily the United
States!!0- 176, 200.325 an( the UK.2%%330-352 The populations studied were parents of children with
ADHD between the ages of three and up to 18 years, but only three studies reported on parents
of teenagers with ADHD.2%%- 265266 Eor studies that distinguished between ADHD presentations,
the most prevalent type of the ADHD participants was the combined type. While ADHD
participants with co-occurring psychiatric disorders were not excluded from most of the studies,
only one study purposely included specific co-occurring disorders; the study included youth with
a dual diagnosis of ADHD and oppositional defiant disorder.?>” One study included children with
sleep problems**® Race and ethnicity demographics for the parents or children were not
mentioned in most studies.

Interventions were diverse in terms of the approach as well as intensity and included
behavioral training for parents, in-home nurse visits, group psychotherapy, telephone-assisted
self help, psychoeducation, and parental friendship coaching. One intervention each targeted
sleep or reading, several evaluated the New Forest Parenting Program. Of the identified studies,
most reported on a control group, including attention-matched groups,?*>?* no intervention,
waitlist, or treatment as usual.?2% 266, 329, 384,520, 551, 385 g g me studies included both a control group
and an alternative psychological or behavioral intervention, had only an alternative intervention
as comparison, or compared parent training as stimulant augmentation to medication alone.

Although we did not restrict the type, target, or focus of the intervention (i.e., either primarily
addressing the wellbeing of parents or training parents to affect change in the children with
ADHD), we only included studies that reported data on the effects on the children with ADHD;
studies reporting only on parental outcomes were excluded (see Table 1). Studies reported a
variety of often study-specific outcomes, such as family dynamics and parental stress. In terms of
pre-specified outcomes, broadband scales and symptom scores were the most frequently reported
outcomes.

Figure 86 shows the effects on individual behaviors assessed in the studies, including
showing physical aggression, externalizing problem behavior in the family, and observed ADHD
behavior in a play situation.
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Figure 86. Effects of parent support on behavior (SMD)

Abikoff, 2015{#15312} — -0.52 [-0.94, -0.10]
Herbert, 2013{#24388} : | -0.94 [-1.68, -0.19]
Sonuga-Barke, 2001{#18279} : | -0.70 [-1.28, -0.12]
Sonuga-Barke, 2018{#497} I—I—F -0.36 [-0.71, -0.01]
RE Model -0.52 [-0.85, -0.18]
| | | | |
2 1.5 1 05 0

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

Across studies parent interventions were associated with a positive effect on problem
behavior (SMD -0.52; CI -0.85, -0.18; 4 studies, n=357). The analysis did not detect statistical
heterogeneity. All included studies were RCTs. Removing one RCT judged to be high-risk of
bias found a similar effect (SMD -0.47; CI -0.86, -0.08). There was some indication of
publication bias (Begg p 0.08, Egger p 0.01). Using the trim and fill method for an alternative
estimate found a smaller effect estimate (SMD -0.43; CI -0.63, -0.22), but the effect was still
statistically significant.

Results for broadband measures are shown in Figure 87.
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Figure 87. Effects of parent support on broadband measures (SMD)

Abikoff, 2015{#15312} : » 0.75[0.33, 1.18]

Ercan, 2014{#14296} H—-— 0.33 [-0.06, 0.72]
Ferrin, 2020{#4267} = 0.47 [-0.01, 0.94]
Herbert, 2013{#24388} 0.47 [-0.25, 1.19]
Schorr-Sapir, 2021{#3308} -—-— 0.40[0.01, 0.80]
Sonuga-Barke, 2004{#18280} = 0.14 [-0.30, 0.58]
Sugaya 2022{# 26633} H—-— 0.35 [-0.04, 0.74]
RE Model e 0.41[0.23, 0.58]
[ [ [ [ |
0.5 0 0.5 1 15

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

Analyses found statistically significant positive effects of parent support interventions (SMD
0.41; C10.23, 0.58; 7 studies, n=613). The youngest children included in the studies were three
years old, and the oldest were 18. The included interventions were all multi-component
interventions targeting parents, but the content varied considerably. Interventions included the
New Forest Parenting Package for parents of preschoolers versus wait list,'!° a combination of
methylphenidate plus parental training and support versus medication alone,?’ a
psychoeducation interventions versus treatment as usual,?®® parent training for mothers versus
waitlist,>! parenting strategies for preschoolers versus waitlist.>?> a non-violent resistance parent
training versus wait list,>?° and a behavioral training for parents supported by methylphenidate
versus parent education with methylphenidate treatment.>®® The analysis did not detect
heterogeneity. There was no evidence of publications bias. Most studies used random
assignment; when restricting to RCTs only, the effect estimate was unchanged (SMD 0.42; CI
0.21, 0.64). Removing four high-risk of bias studies reported a similar point estimate but the
effect was no longer statistically significant (SMD 0.52; CI -0.02, 1.05). Two of the studies
reported on long-term outcomes, but estimates varied, and no meaningful summary estimate for
the intervention effect could be derived (SMD 0.53; CI -2.18, 3.24; 2 studies; n=221).!1%2%7

A number of studies reported on ADHD symptom measures (Figure 88).
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Figure 88. Effects of parent support on ADHD symptoms (SMD)

Chacko, 2009{#17047} L 0.11[-0.33, 0.55]

Dose, 2017{#4219} — -0.33 [-0.72, 0.08]
Ercan, 2014{#14296} — 0.08 [-0.30, 0.47]
Ferrin, 2020{#4267} —. -0.45 [-0.93, 0.02]
Hosainzadeh Maleki, 2014{#27386} -1.73 [-2.67, -0.79]
Lange, 2018{#363} — -0.43 [-0.74, -0.12]
Schorr-Sapir, 2021{#3308} —a— -0.39 [-0.79, 0.00]
Sonuga-Barke, 2001{#18279} —. -0.96 [-1.55, -0.36]
Sonuga-Barke, 2004{#18280} —— -0.03 [-0.47, 0.41]
Sonuga-Barke, 2018{#497} —— -0.20 [-0.55, 0.15]
Sugaya 2022{# 26633} —— -0.27 [-0.66, 0.12]
RE Model | -0.31[-0.57, -0.05]

| | | | |

3 2 -1 0 1

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, RE = random effects, SMD = standardized mean difference

Analyses indicated a benefit of the parent interventions on ADHD symptoms compared to
control groups not receiving the intervention, but the effect was small, and the statistical
significance was borderline (SMD -0.31; CI -0.57, -0.05; 11 studies; n=1078). The youngest
children included in the studies were three years old, the oldest were 18. There was little
statistical heterogeneity (I-squared 52%) in results, but the multi-component interventions varied
in content and complexity. Strongest effects were shown for an education and behavior strategy
program for parents of preschoolers,’>® psychoeducation for families,?*® and the New Forest
Parenting Package for parents of preschoolers,*®* specifically. Most studies were RCTs;
restricting exclusively to RCTs found a very similar effect estimate (SMD -0.35;

CI-0.61, -0.09). Removing six high-risk of bias studies suggested a smaller, not statistically
significant effect (SMD -0.31; CI -0.76, 0.14) but heterogeneity increased in this sensitivity
analysis. There was some evidence of publication bias (Begg p 0.16, Egger p 0.02). Using the
trim and fill method to correct for publication bias found a similar estimate (SMD -0.27; CI -
0.52, -0.03), which was still statistically significant. Three studies reported outcomes at 12
months or more; there was no systematic effect across studies (SMD -0.02; CI-0.71, 0.67; 3
studies; n=324).22% 257290 Ope study evaluating an education and behavior strategy program for
parents of preschoolers reported on a categorical symptom outcome; the study found no
statistically significant effect (RR 2.13; CI1 0.93, 4.89; 1 study, n=50).%%

Functional impairment outcomes were also frequently reported in identified studies, as
shown in Figure 89.
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Figure 89. Effects of parent support on functional impairment (SMD)

Chacko, 2009{#17047} —_— 0.84[0.38, 1.29]
Dose, 2017{#4219} __.— 0.19[-0.20, 0.57]
Ferrin, 2020{#4267} -—-— 0.04 [-0.43, 0.52]
RE Model e ——————— 0.35[-0.69, 1.39]
| | T T |
-0.5 0 0.5 1 1.5

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

Pooled effect estimates showed no systematic effect of the intervention on functional
impairment (SMD 0.35; CI -0.69, 1.39; 3 studies, n=252). There was some heterogeneity (I-
squared 71%). Removing one high risk of bias study reported also a non-significant effect with
wide confidence intervals (SMD 0.44; CI -4.60, 5.49). There was no evidence of publication
bias. One of the studies reported a long-term effect, which was not statistically significant (SMD
0.19; CI-0.20, 0.57; 1 study, n=103).2%

There were insufficient data to calculate effects on treatment satisfaction, academic
outcomes, appetite suppression, and number of participants with adverse events.

5.3.11.1 Parent Support Comparative Effectiveness

Multiple studies reported comparative effects, usually comparing two different parenting
approaches.

Two studies assessed the New Forest Parenting program compared to an alternative
approach. One study compared the New Forest Parenting versus an alternative comprehensive
program (Helping the Noncompliant Child) and found no difference in aggressive behaviors
(SMD 0.05; CI1-0.29, 0.40; 1 study, n=164) but the CPRS ratings were lower in the Helping the
Noncompliant Child group (SMD -0.41; CI10.76, -0.07; 1 study, n=164). There was no difference
in treatment satisfaction (SMD -0.13; CI-0.48, 0.21; 1 study, n=164).!'° One of the studies
compared Helping the Noncompliant Child to methylphenidate treatment plus sham parent
training.>® The study found no statistically significant difference between intervention arms for a
broadband measure (SMD -0.14; CI -0.53 0.25; 1 study, n=102) or ADHD symptom scale scores
(SMD 0.06; CI1-0.32, 0.45; 1 study, n=102). The effect estimates for appetite suppression (RR
0.78; C10.38, 1.62; 1 study, n=101) and the number of participants with adverse events (RR
0.97; C10.86, 1.10; 1 study, n=99) was also not statistically significant. One study compared the
New Forest Parenting program with the Incredible Years alternative parenting program.>>? The
study found no difference in ADHD symptom scores (SMD -0.09; CI -0.33, 0.15; 1 study,
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n=307). A study by the same author group compared a parent training focusing on education
about ADHD and behavior management strategies versus a parent counseling and support
intervention.>*° The study found no differences in effects on behavior in direct observations
(SMD 0.36; CI-0.36, 0.88; 1 study, n=307) or broadband measure scores (RR 0.74; 0.42, 1.30; 1
study, n=307), but results statistically significantly favored the parent training when comparing
the parental ratings of childhood symptom scores to assess ADHD (SMD -0.69; CI -1.22, -0.16;
1 study, n=307).

A study comparing parent psychoeducation to parent counseling found no statistically
significant differences in ADHD symptom assessments (SMD -0.32; CI-0.77, 0.13; 1 study,
n=81) or functional impairment (SMD 0.07; CI-0.38, 0.52; 1 study, n=81), and concluded that
psychoeducation is a complementary rather than a substitute treatment.?®>

A study (n=92) evaluating a behavioral parent training for children with ADHD targeting
executive function versus a consequence-based program did not report sufficient detail on our
key outcomes to calculate effect sizes, but the study concluded positive effects on daily rated
problem behaviors and hyperactivity-impulsivity symptoms for both interventions. Results
favored the targeted behavioral training for inattention. A nursing case-management intervention
working with families versus receiving a parenting book and newsletter did not report sufficient
detail to assess effect sizes but the study (n=174) indicated that for broadband measures there
were no significant differences between groups (while the overall evaluation was considered
positive).?® A study comparing a parental friendship coaching intervention versus
psychoeducation and social support found no significant differences in aggressive behaviors in
the children with ADHD (SMD 0.14; CI-0.16, 0.43; 1 study, n=172), but the study concluded
that the coaching intervention showed parents providing more emotion strategies and praise.>**

Authors comparing the STEPP (Strategies To Enhance Positive Parenting) program to a
traditional parent training program found no differences in ADHD symptoms (SMD 0.16;
CI-0.28, 0.60; 1 study, 120) but found lower functional impairment scores favoring STEPP
(SMD 0.51; C1 0.07, 0.96; 1 study, n=120).!7

One study compared behavior parent training in a group versus individual training plus
education; it found no statistically significant difference in effects on ADHD symptom scores
(SMD -0.24; CI -0.77, 0.28; 1 study; n=56).%%

5.3.11.2 Parent Support Summary of Findings
Table 22 shows the findings for the outcomes of interest together with the number of studies
and study identifiers.

Table 22. KQ2 summary of findings and strength of evidence for parent support

Intervention and Outcome Number of Findings Reasons for SoE
Comparison Studies; Study Downgrading
Design and IDs
KQ2 parent Behavior 6 RCTs!10.325.3%, | Results favor intervention (SMD - | C Low for no
support vs control 350, 552, 569 0.52; Cl -0.85, -0.18; 4 studies, effect
n=357)
KQ2 parent Broadband 7 RCTs and Results favor intervention (SMD Cc Moderate
support vs control | measures CTs!10,257, 266,325, 0.41; Cl1 0.23, 0.58; 7 studies, for benefit
520, 551, 569 n=613)
KQ2 parent ADHD 12 RCTs and Results favor intervention (SMD - | C, | Low for
support vs control | symptoms CTs!76, 228,257, 266, 0.31; Cl -0.57, -0.05; 11 studies; benefit
333, 384,520,550-552,569, | n=1078; RR 2.13, C1 0.93, 4.89;
385 1 study, n=50)
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Intervention and Outcome Number of Findings Reasons for SoE
Comparison Studies; Study Downgrading
Design and IDs

KQ2 parent Functional 3 RCTg!76, 228,266 No systematic effect (SMD 0.35; | C Low for no
support vs control | impairment Cl -0.69, 1.39; 3 studies, n=252) effect
KQ2 parent Acceptability | O studies No data Cc Insufficient
support vs control | of treatment
KQ2 parent Academic 0 studies No data C Insufficient
support vs control | performance
KQ2 parent Appetite 1 RCT5% No systematic effect (RR 3.27; C Insufficient
support vs control | suppression Cl1 0.96, 11.16; 1 study, n=99)
KQ2 parent Participants 1 RCT36 No systematic effect (RR 0.98; C Insufficient
support vs control | with adverse Cl1 0.86, 1.11; 1 study, n=96)

events

Notes: ADHD = attention deficit hyperactivity disorder, C = inconsistency, CI = 95% confidence interval, CT = controlled trial
without random assignment, [ = imprecision, KQ = Key Question, RCT = randomized controlled trial, RR = relative risk, SMD =
standardized mean difference, SoE = strength of evidence

Across studies, parent training interventions were associated with improvements in
broadband measure scores (moderate strength of evidence, downgraded for the domain
inconsistency, given the variation in intervention approaches and the lack of replication of
intervention effects. Standardized ADHD symptom scores (low strength of evidence) was
downgraded for imprecision, given that the pooled effect was very close to a statistically non-
significant result. There was no systematic effect on individual behaviors assessed in the studies,
but the existing evidence is limited (inconsistency). We found no systematic effect on functional
impairment, but we downgraded for the domain inconsistency as effect estimates varied.
Evidence was insufficient to determine acceptability of treatment, academic performance,
appetite suppression, and participants with adverse events due to lack of research reporting on
the outcome (downgraded for inconsistency as no replication could be evaluated).

The strength of evidence for comparative studies was insufficient as studies had not been
replicated yet and all results were unique to the reported study and the robustness of results could
not be further evaluated; in addition, it was unclear whether the study was sufficiently powered
to detect a difference for the outcome examined.

5.3.12 School Interventions

We identified ten studies reporting on teacher or school environment interventions. %% 208 238

259,433,529, 531, 577, 602, 640 The earliest study was published in 2009.5°? Interventions were evaluated
in three different countries, predominantly the United States. The populations studied were most
often children attending elementary through middle school between the ages of 6 and 14, with
only one study including adolescents up to 17 years old.>?! In two studies, participants were
required to demonstrate an IQ of 80 or higher.!%*25° Only one study required participants to not
be taking stimulant medication or to be on a stable dose with no plans of change during the study
duration.?®® The majority of participants used ADHD medication at baseline. For studies that
provided information on ADHD presentations, the combined type was the most prevalent
presentation, followed by inattentive type. While ADHD participants with co-occurring disorders
were not excluded from most of the studies, one study purposely required participants to have
word-reading difficulties or reading disabilities in addition to ADHD.>”’ Several studies also
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report on participant co-occurring disorders, with the most common conditions reported being
oppositional defiant disorder, conduct disorder, and anxiety and mood disorders. 6% 32% 331, 577, 602

More than half of the studies used a multimodal intervention strategy comprising both
teacher training and parent training, 63 32% 331.577.640 o jncluded intervention components
targeting the children with ADHD. 63 238,259,433, 331,577 Tw0 studies examined teacher-specific
interventions. One?®® tested a Web-based online learning modules for elementary-school
teachers, while the other®®? tested two different types of ADHD consultation services for teachers
to help them plan and execute classroom-based ADHD interventions for students. Most studies
reported on a control group, including waitlist control, no intervention, ADHD medication only
(compared to other modes of active treatment),>>> %4 and treatment as usual. Some studies
reported on an alternative intervention, such a lower intensity intervention®*! or a modified
version of an original intervention®>® and evaluated the comparative effectiveness of these
interventions.

Studies reported a variety of often study-specific outcomes, such as improvement in
individual cognitive tasks. In terms of pre-specified outcomes, symptom scores, functional
impairment, and academic scores were the most frequently reported outcomes.

Two studies reported on individual problem behaviors, but results were conflicting and could
not be combined to a meaningful summary estimate (SMD -0.01; CI -1.38, 1.36; 2 studies,
n=395).2%% 33! One of these reported on a long-term outcome: an evaluation of an intensive
summer program reported no differences in school disciplinary incidents compared to no
intervention (SMD 0.09; CI -0.18, 0.36; 1 study, n=209) at the 12 month follow up.>*!

We did not identify studies reporting on broadband measure scores to assess the effect of a
school intervention.

Studies reporting on ADHD symptoms are shown in Figure 90.

Figure 90. Effects of school interventions on ADHD symptoms (SMD)

Corkum, 2019{#377} -0.87 [-1.40, -0.33]
Shen, 2021{#19124} —.— -0.38 [-0.65, -0.10]
Sibley, 2018{#4979} + 0.07 [-0.20, 0.34]
Tamm, 2017{#5052} —-—. -0.35 [-0.68, -0.02]
Zheng, 2020{#3326} —. -1.04 [-1.33, -0.75]
RE Model ———————— -0.50 [-1.05, 0.06]

| [ [ I |

15 -1 05 0 0.5

Standardized Mean Difference

Notes: ADHD = attention deficit hyperactivity disorder, RE = random effects, SMD = standardized mean difference
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Across studies, we did not find a systematic effect of school interventions on ADHD
symptoms (SMD -0.50; CI -1.05, 0.06; 5 studies, n=822). The age of the children in the included
studies ranged from six to 17. There was evidence of heterogeneity (I-squared 87%). We found
no indication of publication bias. Removing high-risk of bias studies in a sensitivity analysis left
only three studies; the effect estimate was smaller and was also not statistically significant (SMD
-0.15; CI-2.99, 2.68). Heterogeneity was only marginally reduced. One of the studies reported
on a long-term outcome: an evaluation of an intensive summer program reported no differences
in ADHD symptoms (SMD 0.07; CI -0.20, 0.34; 1 study, n=282) at the 12 month follow up.>"

Two studies assessed the effects on functional outcomes, however, they reported conflicting
results and could not be combined to a meaningful summary estimate (SMD 0.22; CI -4.39, 4.82;
2 studies; n=274).2%2% There was heterogeneity (I-squared 83%) but no further analyses could
be performed due to the small number of studies. One of the studies evaluated a Web-based
intervention for teachers of elementary students with ADHD?* and reported improvements in
functional impairment in the students. The other assessed a school-based training intervention
program for adolescents but found no differences compared to community care in a peer relation
rating scale at the 12-month follow up.>’

Three studies reported favorable results regarding the acceptability of the treatment approach,
but there was insufficient data to compute effect sizes.?%% 329 33!

A small number of school intervention studies reported on academic performance measures
as shown in Figure 91.

Figure 91. Effects of school interventions on academic performance (SMD)

Breaux, 2018{#1969} —-— 0.07 [-0.26, 0.40]
DuPaul, 2021{#4227} — -0.53 [-0.83, -0.22]
Evans, 2016{#12901} + -0.09 [-0.36, 0.18]
Shen, 2021{#19124} —-—. -0.12 [-0.39, 0.16]
Sibley, 2018{#4979} -0.34 [-0.74, 0.05]
RE Model —-—-—-— -0.19 [-0.48, 0.09]

[ [ I |

-1 0.5 0 0.5

Standardized Mean Difference

Notes: RE = random effects, SMD = standardized mean difference

Although most individual studies reported some improvement, across studies, the effect was
not statistically significant (SMD -0.19; CI -0.48, 0.09; 5 studies, n=854). There was little
heterogeneity (I-squared 53%). We did not detect potential publication bias. Removing one high-
risk of bias study found a smaller effect that was not statistically significant (SMD -0.10; CI
0.33, 0.12) and the analysis detected no heterogeneity, suggesting that methodological rigor of
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the studies was a source of heterogeneity. Two of the studies reported on long-term outcomes 12
and 15 months), but the estimates varied, and neither the individual nor the combined effects
were statistically significant (SMD -0.17; CI -1.69, 1.35; 2 studies, n=153).2%% 33!

Identified studies did not report on the other prespecified outcomes for the review appetite
suppression and participants with adverse events.

5.3.12.1 School Interventions Comparative Effects

Four of the identified school interventions also reported on a comparison to an alternative
intervention, all of which were also school setting interventions.

One study assessed a dose-response question and compared a high versus a low intensity
summer program. The study is shown in more detail in the appendix; briefly, the authors found
no differences in school disciplinary incidents (SMD 0.01; CI -0.26, 0.28; 1 study, n=325) or
ADHD symptom assessments (SMD 0.01; CI -0.26, 0.29; 1 study, n=325), and they concluded
that the high intensity intervention was superior only in engagement and uptake of selected
skills.>3!

Other school interventions reported on the comparison to alternative, school-based or
teacher-led interventions. This included a study comparing two homework management
programs, one focused on contingency management-based treatment versus a planning skill
program.'® The study found no differences in treatment acceptability (SMD 0.00; CI -0.26, 0.26;
1 study, n=222) and no statistically significant differences in GPA (grade point average) scores
(SMD 0.12; CI1-0.14, 0.39; 1 study, n=222) and concluded that developing a strong working
alliance and engaging parents and students are key elements for school-based programs.
Comparing the after-school version of the program Challenging Horizons versus the mentoring
version of the program found no differences in functional impairment (SMD 0.02; CI -0.24, 0.28;
1 study, n=326) or academic performance as measured by GPA (SMD -0.19; CI -0.46, 0.07; 1
study, n=326), but the study concluded that the after school version offers more benefits for
adolescents.?*’

One study compared approach of ongoing feedback for teachers that selected interventions
for students on the basis of functional and academic assessment data versus a traditional data-
based approach chosen by the teacher. The difference between interventions for academic
performance was not statistically significant (SMD -0.26; CI -0.56, 0.05; 1 study, n=167).5%?

5.3.12.2 School Interventions Summary of Findings
Table 23 shows the findings for the outcomes of interest together with the number of studies
and study identifiers.

Table 23. KQ2 summary of findings and strength of evidence for school interventions

Intervention Outcome Number of Findings Reasons for | SoE
and Studies; Study Downgrading
Comparison Design and IDs
KQ2 school Behavior 3 RCTs238:433,331 | Conflicting results, no meaningful C Insufficient
intervention vs summary estimate could be derived
control (SMD -0.01; CI -1.38, 1.36; 2

studies, n=395)
KQ2 school Broadband 0 studies No data C Insufficient
intervention vs measures
control
KQ2 school ADHD 6 RCTs208.25%.52% | No systematic effect (SMD -0.50; | Low for no
intervention vs symptoms 331,577, 640 Cl -1.05, 0.06; 5 studies, n=822) benefit
control
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Intervention Outcome Number of Findings Reasons for | SoE
and Studies; Study Downgrading
Comparison Design and IDs
KQ2 school Functional 2 RCTs208.259 Conflicting results, no meaningful C Insufficient
intervention vs impairment summary estimate could be derived
control (SMD 0.22; Cl -4.39, 4.82; 2

studies; n=274)
KQ2 school Acceptability | 1 RCT!63 Studies reported favorable results, | Insufficient
intervention vs of treatment but effect could not be estimated
control
KQ2 school Academic 5 RCTs!63:238.2%, | No systematic effect (SMD -0.19; | Low for no
intervention vs performance | 5%% 531 Cl -0.48, 0.09; 5 studies, n=854) benefit
control
KQ2 school Appetite 0 studies No data C Insufficient
intervention vs suppression
control
KQ2 school Participants | O studies No data C Insufficient
intervention vs | with adverse
control events

Notes: ADHD = attention deficit hyperactivity disorder, C = inconsistency, CI = 95% confidence interval, I = imprecision, KQ =
Key Question, RCT = randomized controlled trial, RR = relative risk, SMD = standardized mean differences, SoE = strength of
evidence

Several school interventions showed favorable results for key outcomes, but the pooled
effects were not statistically significant and suggested no systematic effect of school
interventions in general. For behavior and functional impairment, only a small number of studies
was identified and these reported conflicting results so that no meaningful effect estimate could
be derived and we were not able to determine whether school interventions improve these
outcomes or not. Across studies, we did not find that school interventions systematically improve
ADHD symptoms and although several studies found an effect on academic performance, the
pooled result was not statistically significantly different from no effect and we did not detect a
clear beneficial effect. Treatment acceptability (low strength of evidence) was favorable across
three identified studies reporting on the outcome, but no effect estimate could be determined
(downgraded for imprecision). We did not identify studies reporting on appetite suppression or
participants with adverse events and no evidence statement could be derived.

The comparative effects were all rated as insufficient as none of the identified evaluations
have been replicated, and all results were unique to the reported study, the specific intervention
and the specific comparator; hence the robustness of results could not be evaluated.

5.3.13 Provider Interventions

We identified nine studies®>% 234-256 308, 371, 386,451, 466 oy alyating healthcare provider

interventions or interventions changing how ADHD care is delivered. The earliest study was
published in 2007.%°¢ All were conducted in the United States, except for one in Canada. The
patient populations studied were children with ADHD; no studies included teenagers. The
percent of female participants ranged from 15 to 36 percent, where reported. Only one study
reported ADHD presentation type; 41 percent of children were classified as inattentive, ten
percent as hyperactive and 49 percent as combined presentation. No studies purposely included
patients with specific co-occurring disorders. A study conducted in Philadelphia®*® reported that
46 percent of patients were African American. The majority of patients in the other studies were
White.

386
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Of the identified studies, six reported on a control group with treatment as usual 232 233 256 308,

386,466 In one of these trials, pediatricians used titration trials to determine optimal medication
dosages; doses were standardized by week, but doctors were blinded to exact dosage.?>® Another
study?> held four training sessions for providers and installed a Web portal to assist with
treatment monitoring. Another combined a Web portal with an ADHD care manager.>?® One
study provided office-based training in using stimulant medications to physicians and one hour
of training to office staff in the use of new software.’*® Another created a Web-based platform
that enabled clinicians to administer online clinical questionnaires to parents and teachers to
monitor patients remotely between visits.**® One study evaluated the effects of pharmacogenetic
testing to enable genomically assisted prescribing.?>? Finally, one head to head study compared
collaborative care, where a care manager delivered three or four content modules to parents and
children, to enhanced usual care from a provider known to the care manager.3’!

The studies are difficult to compare and assessed unique interventions, often with multiple
components and targeting different aspects of the healthcare system and healthcare delivery
processes. In addition, many used study-specific evaluation measures and rarely reported on key
outcomes prespecified for this review or did not report sufficient detail to compute effect sizes
for outcomes of interest.

One study reported on a broadband measure and evaluated children under the care of
providers that used a trigger algorithm and alert resolution process with online clinical
questionnaires to monitor patients remotely between visits. The cluster RCT reported that the
children in the intervention condition experience less improvement after 15 months in global
functioning (SMD -0.36; CI -0.65, -0.07; 1 study, n=263) than the control group participants.*®

Studies reported conflicting results for ADHD symptoms and no meaningful summary
estimate could be derived for the intervention (SMD 0.26; CI -4.79, 5.31; 2 studies, n=537).3%
466 This included the trigger algorithm study which did not find positive effects**® and a study
evaluating a care manager combined with an online electronic health record portal to enhance
communication and shared decision making, which favored the intervention.>*

The provider or healthcare system interventions that reported on a control group did not
report on any other outcome of interest for this review. Other assessed (study-specific) outcomes
are shown in evidence table C.2 in Appendix C.

5.3.13.1 Provider Interventions Comparative Effects

Two studies compared a health service intervention to an alternative model. One assessed a
collaborative care model versus a referral to mental health providers in an enhanced usual care
condition. The study (n=411) did not report sufficient detail to compute effect sizes but
concluded that the collaborative care model improved symptoms more than the referred group.’”!
A telehealth service delivery model combining pharmacotherapy and caregiver behavior training
versus children remaining under the care of their primary care provider who received only a
single consultation with a tele-psychiatrist who shared treatment recommendations were
compared in the second study.*! The study reported statistically significant improvement in
symptom measures (SMD -0.54; CI -0.81, -0.27; RR 1.64; CI 1.09, 2.47; 1 study, n=223) as well
as functional impairment (SMD 0.27; CI1 0.01, 0.54; 1 study, n=223) for the telehealth group.**!
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5.3.13.2 Provider Interventions Summary of Findings

Table 24 displays the findings for the outcomes of interest together with the number of
studies and study identifiers. Comparative effectiveness results are shown only for outcomes for
which effect sizes could be calculated.

Table 24. KQ2 summary of findings and strength of evidence for provider interventions

Intervention Outcome Number of Findings Reasons for SoE
and Studies; Downgrading
Comparison Study

Design and

IDs
KQ2 provider | Behavior 0 studies No data C Insufficient
interventions
vs control
KQ2 provider | Broadband 2 RCTg?52466 No systematic effect (SMD -0.36; S,C Insufficient
interventions measures Cl -0.65, -0.07; 1 study, n=263)
vs control
KQ2 provider | ADHD 4 RCTs?%2% | Conflicting results, no meaningful | Insufficient
interventions | symptoms 308, 386 summary estimate could be derived
vs control (SMD 0.26; CI -4.79, 5.31; 2

studies; n=537)

KQ2 provider | Functional 0 studies No data C Insufficient
interventions | impairment
vs control
KQ2 provider | Acceptability | O studies No data C Insufficient
interventions | of treatment
vs control
KQ2 provider | Academic 0 studies No data C Insufficient
interventions | performance
vs control
KQ2 provider | Appetite 0 studies No data C Insufficient
interventions | suppression
vs control
KQ2 provider | Participants | O studies No data C Insufficient
interventions | with adverse
vs control events

Notes: ADHD = attention deficit hyperactivity disorder, C = inconsistency, CI = 95% confidence interval, I imprecision, KQ =
Key Question, RCT = randomized controlled trial, SMD = standardized mean differences, S = study limitation, SoE = strength of
evidence

Studies targeting providers or the delivery of healthcare reported on very different
intervention approaches, and studies were difficult to compare. In addition, many did not report
in sufficient detail (or not at all) on the outcomes of interest for this review. All studies had
moderate or high risk of bias, as randomization at the provider level led to some imbalances in
patient characteristics between groups. Attrition and detection bias also affected most studies.
Strength of evidence was determined to be insufficient either for lack of research (behavior,
functional impairment, treatment acceptability, academic performance, appetite suppression,
participants with adverse events), study limitations and lack of replication (broadband measure
scores), or studies reporting conflicting results making it impossible to determine whether
interventions do affect the outcomes of interest (ADHD symptoms).

All effects comparing two active interventions were based on a single study without
replication and therefore determined the strength of evidence to be insufficient for evidence
statements.
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5.4 KQ2a. How do these outcomes vary by presentation (inattentive,
hyperactive/impulsive, and combined) or other co-occurring conditions?

We assessed for all key outcomes whether the impact of interventions was associated with
the ADHD presentation and whether co-occurring conditions were associated with the treatment
effect. Studies varied in what proportion of children with inattentive, hyperactive/impulsive, and
combined presentation of ADHD were included. Some studies targeted specific presentations,
e.g., evaluated an intervention in a sample with exclusively combined presentation. And while
most identified studies did not exclude children with co-occurring disorders, we identified a few
studies that purposefully addressed interventions for children with specific co-occurring
disorders. In these studies, all children had a dual diagnosis.

5.4.1 ADHD Presentation

Most studies included a range of ADHD presentations, although we identified one study that
included only youth with inattentive ADHD presentation.*’® The study evaluated an integrated
psychosocial treatment approach; results are documented in Appendix C, Table C.2. A number
of studies included only children with combined presentation, !0 148,229, 261,295,354, 439, 444, 508, 509,
522,567,636 The studies evaluated diverse interventions. Half of the studies that restricted
participants to the combined ADHD presentation evaluated FDA-approved pharmacologic
treatments, and other individual studies assessed the effects of a behavior intervention, nutrition
intervention, psychosocial interventions, neurofeedback, cognitive training, and a new
pharmacological agent.

We assessed the effect of presentation in indirect comparisons across studies and we
documented results of subgroup analyses as reported by the individual authors.

5.4.1.1 Indirect Analyses ADHD Presentation

We first conducted indirect analyses across the large number of studies included in the
review. For individual behavior measures, we did not find an effect of the proportion of children
with inattentive (p 0.10), hyperactive (p 0.44), or combined (p 0.74) presentation on the reported
effect size across all included interventions. For broadband assessments, we did not find an effect
on the reported effect size for the proportion of children with inattentive presentation (continuous
data p 0.52, categorical data p 0.90), hyperactive (continuous data p 0.73, categorical data p
0.92), or combined (continuous data p 0.70, categorical data p 0.96) across all included
interventions.

For ADHD symptom scores in studies reporting a continuous outcome, we did not find an
effect on the reported effect size for the proportion of children with inattentive presentation (p
0.18), hyperactive (p 0.65), or combined (p 0.21) across all included interventions. However, the
equivalent analysis for categorical outcomes was statistically significant for inattentive
presentation (p 0.03). The analysis indicated that treatment effects were lower in samples with a
higher proportion of inattentive children, but the effect was very small (1 percentage point
increase in the inattentive proportion was associated with a 1.3% reduction in the relative risk for
symptom improvement).

None of the analysis for the outcome functional impairment were significant; results were
borderline for the proportion of children with inattentive presentation (p 0.12), hyperactive (p
0.31), or combined (p 0.10), indicating a systematic effect across all included interventions.
Results could not be confirmed in the analyses for categorical data as too few studies were
available for the analysis. There were insufficient data to test the effect for treatment satisfaction.
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For academic performance outcomes, results were borderline for the proportion of children with
inattentive presentation (p 0.06), but results for hyperactive presentation (p 0.59) and combined
presentation (p 0.25) were not statistically significant. Findings could not be confirmed nor
refuted with categorical data due to lack of studies.

For the outcome appetite suppression, we did not find an effect of the presentation on the
reported effect size, i.e., results for inattentive (p 0.39), hyperactive (p 0.24), or combined
presentation (p 0.52) were not statistically significantly different across studies and interventions.
We did not identify an effect of the likelihood of experiencing an adverse event based on the
ADHD presentation as results for inattentive presentation (p 0.34), hyperactive presentation (p
0.42), and combined presentation (p 0.50) were not statistically significant.

We also analyzed this question within a more homogenous group of studies, the FDA-
approved medications, i.e., the largest intervention group in the report. In this subgroup with
likely less residual heterogeneity, we either found no effect of the ADHD presentation or there
were too few studies for analyzes, with one exception: the proportion of participants with
inattentive ADHD presentation reporting adverse events (p 0.01). When differentiating further
between two large subsets, we found no effect of ADHD presentation within simulant studies or
within non-stimulant studies, suggesting that the study composition and medication type may be
confounded. It is unclear from these analyses whether the proportion of participants with
inattentive, hyperactive, or combined presentation is systematically associated with differences
in treatment effects.

5.4.1.2 Reported Analyses for Subgroups in ADHD Presentation

Some of the identified studies reported results stratified by ADHD presentation or reported
results of a moderator analysis that evaluated the effects of the ADHD presentation on treatment
effects. The studies reported on different intervention types including: FDA-approved
pharmacological interventions, 8- 164,306, 442,538,557 3 new pharmaceutical agent,%*” psychosocial
interventions;'®*°2 cognitive training;'%® nutritional supplements;>!% 34 411.510 and provider
training,**® respectively. The reported subgroup results were primarily for ADHD symptoms and
broadband assessments.

A cognitive training intervention identified a subgroup of boys who had both a lower
hyperactivity and a higher conduct disorder symptom score with significantly better
planning/organizing skills than the total group of participants.'®® A study evaluating an omega-3
supplement reported that improvements were significantly more frequent in the inattentive
ADHD presentation (p 0.03) than in the combined ADHD presentation (no statistically
significant treatment effect).’*® One omega 3 and zinc study!° reported the superior effect of
zinc over omega-3 was only seen in the inattentive, not in the combined presentation of ADHD
children (p 0.21).

All other studies did not detect systematic effects of ADHD presentation. One study
evaluating long-acting methylphenidate reported that inattentive and combined ADHD
subgroups did not differ significantly in their improvements in the parent (p 0.61) or teacher (p
0.85) SNAP-IV ratings (Swanson, Nolan, and Pelham (SNAP) Questionnaire). A further study
reported no significant treatment interaction between relapse and the ADHD presentation.!** A
study evaluating atomoxetine reported that baseline ADHD severity did not moderate treatment
efficacy on response inhibition (p 0.54), sustained attention (p 0.96), or fear identification (p
0.66).3% A study assessing the effects of omega 3°!'° found a higher percentage of children who
ranked below the median in hyperactivity/impulsivity on a continuous performance test

108
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improved more in ADHD symptom severity, but the difference was not statistically significant (p
0.177). Reported results for the effects of a provider intervention on ADHD Rating Scale-IV
Scores and SNAP-IV Scores showed no treatment effects specific to combined ADHD
presentation or ADHD inattentive presentation.**°A study of atomoxetine*** assessed changes
from baseline of ADHD-RS-IV-Parent Total Score and did not find any interaction.

Some studies stratified by clinical severity. A study evaluating mixed amphetamine salts
stratified participants by low or high baseline severity on ADHD-RS-IV Scale and CGI scores.
The mean reduction in ADHD severity was greater for low baseline severity in all dose groups
relative to placebo (p<0.01) on the ADHD-RS-IV scale and for doses above 10mg on CGI
Impression Scores (p<<0.01). In a further study, evaluated efficacy and adverse effects of
methylphenidate treatment for baseline ADHD severity as reported by teachers and parents
found no significant effect on parent- or teacher-rated Conners ADHD index at 16 weeks (p
values >0.1).>3® One study evaluating hopantenic acid*®® indicated that treatment effects were
maximized in patients with the ADHD combined presentation group, but between-group
differences were not statistically significant. Stratified analyses of an omega 3 intervention
evaluating ADHD RS-IV Scores explored whether children rated with abnormal scores Sin at
least two of the Conners’ subscales showed a different treatment response. The interaction was
statistically significant (p < 0.15) in four out of the eight CRS-P subscales (Parent Child Rating
Scales) .*!! A behavioral sleep intervention for children with ADHD?? reported that children
with ADHD symptom severity scores above the 75" percentile were more likely to have
moderate/severe sleep problems over time. ADHD symptom severity was a moderator for
ADHD symptoms (p 0.04) and quality of life (p 0.04) over time, suggesting the intervention is
less effective for youth who have sleep problems. All other studies did not detect an effect.

557

5.4.2 Effect of Co-Occurring Disorders

We abstracted the results of study-reported effects (subgroup analyses or moderator analyses)
as well as indirect comparisons across studies using a meta-regression approach.

A small number of studies addressed co-occurring disorders presenting with ADHD overall.
Identified studies targeting specific populations included participants with ADHD as well as
oppositional defiant disorder, conduct disorder, or aggression;!>!> 174207, 220, 226, 257, 264, 321, 432, 623
learning disabilities;?2! 480 526,338,577, 602, 624 geep conditions; % 42 313523 mood disorders such as
depression and anxiety;!¥%2°%377 tic disorders;!!® 380340556 traumatic brain injury;* epilepsy;>*
substance use disorder;**” iron deficiency;*’® genetic disorders;''® or organizational deficits;'%
respectively. Few of the studies reported statistically significant, systematic effects of co-
occurring conditions and only selected studies reported effects on the key outcomes for this
report.

In the MTA study, children with ADHD-only or ADHD with oppositional defiant disorder
(ODD) or conduct disorder (but without anxiety disorders) responded best to MTA medication
treatments (with or without behavioral treatments), while children with multiple comorbid
disorders (anxiety and ODD/conduct disorder) responded optimally to combined (medication and

behavioral) treatments;*** children with comorbid anxiety, particularly those with overlapping

disruptive disorder comorbidities, showed preferential benefits to the intervention;*** no
detrimental effect of anxiety on medication response for core ADHD or other outcomes in
anxious or non-anxious ADHD children was demonstrated;’'® comorbid anxiety disorder did
moderate outcome, in participants without anxiety, results paralleled intent-to-treat findings, for

those with anxiety disorders, behavioral treatment yielded significantly better outcomes than
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community care (and was no longer statistically different from medication management and
combined treatment) regarding ADHD symptoms;**? comorbidity with oppositional defiant
disorder or conduct disorder (54% of the sample yielded such preintervention comorbidity)
significantly moderated findings, initial comorbidity with anxiety disorder served as a clear
moderator of treatment response. Whereas the 66 percent of the MTA sample without anxiety at
baseline displayed a response to treatment that was close to that of the overall sample, the 34
percent with comorbid anxiety showed a relatively better response to the behavioral aspects of
the MTA treatments.®*° Parent-reported anxiety and ODD/CD (oppositional defiant
disorder/conduct disorder) status were noted on response to treatment, indicating that children
with ADHD and anxiety disorders (but no ODD/CD) were likely to respond equally well to the
MTA behavioral and medication treatments, children with ADHD-only or ADHD with ODD/CD
(but without anxiety disorders) responded best to MTA medication treatments (with or without
behavioral treatments), while children with multiple comorbid disorders (anxiety and ODD/CD)
responded optimally to combined (medication and behavioral) treatments.®%* For other
functioning domains (social skills, academics, parent-child relations, oppositional behavior,
anxiety/depression), results suggested slight advantages of combined over single treatments
(medical management, behavior) and community care, children with parent-defined comorbid
anxiety disorders, particularly those with overlapping disruptive disorder comorbidities, showed
preferential benefits to the behavioral and combined interventions.’¢* A further study*®' reported
that youths with ADHD and comorbid ODD showed statistically significant improvement in
ADHD, ODD, and quality-of-life measures following atomoxetine treatment; treatment response
was similar in youths with and without ODD, except that the comorbid group showed
improvement compared with placebo at 1.8 mg/kg/day but not 1.2 mg/kg/day. In contrast, youths
without ODD showed improvement at 1.2 mg/kg/day and no incremental benefit at 1.8
mg/kg/day. A third study reported that children with ODD did not benefit as much from the
atomoxetine than other children.'** One study enrolled children with ADHD and aggressive
behavior and titrated stimulant treatment to identify patients with inadequate reductions in
aggressive behavior. The study concluded that rigorous titration of stimulant medication and
concurrent behavioral therapy may avert the need for additional medications.!>! All other studies
did not detect treatment effect differences associated with co-occurring conditions or reported on
other outcomes such as ODD scores as documented in Appendix C, Table C.3.

5.4.2.1 Indirect Analyses, Co-Occurring Disorders

We assessed whether the subgroup influences the impact of the interventions for the key
outcomes in indirect comparisons. For the outcome behavior, we did not find a systematic effect
across any of the evaluated subgroups that provided sufficient data for the analysis (sleep p
0.99). For broadband scale scores, we also found no systematic effect (sleep p 0.07). Symptom
scores provided the most data for the comparisons; however, the analysis did not detect
systematic effects (sleep p 0.50). For functional outcomes, results were also not statistically
significant (sleep p 0.93). Treatment satisfaction could not be evaluated due to the small number
of studies. Appetite suppression was not significant (learning disability p 0.41), nor was adverse
events (sleep p 0.68).

Within the more homogenous subgroup of FDA-approved medications, stimulants alone, and
non-stimulants alone, there were insufficient data for analyses for all outcomes of interest.
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We did not detect evidence indicating a differential effect associated with co-occurring
disorders. However, based on the small number of studies and the indirect nature of effect
analysis, the results have to be interpreted with caution.

5.6 KQ2b. What is the risk of diversion of pharmacologic

treatment?

Only two studies met inclusion criteria for KQ2b.*>*” One was an RCT evaluating either

200 or 400 mg viloxazine vs placebo and found no evidence for misuse.*> Viloxazine, however,
is a non-stimulant (NRI) medication with low abuse potential.
The other study was a double-blind RCT of OROS (Osmotic-Release Oral System)

methylphenidate plus cognitive behavioral therapy (CBT) versus placebo plus CBT in

adolescents with ADHD and a co-occurring substance use disorder .**” Rates of misuse or
diversion in the stimulant group (2.1%-4.8%) were approximately double the rates in the placebo
group, though the differences did not reach statistical significance. Findings are difficult to
generalize to non-substance-use ADHD populations, as misuse and diversion rates may be higher
in this subpopulation than in ADHD adolescents without substance use disorder. However,
nearly doubled rates of misuse may be clinically relevant, given that participants were blinded to
treatment assignment, and rates were systematically higher in the stimulant group.

5.7 Summary of Findings KQ2a and KQ2b

Table 25 documents the results across studies.

Table 25. KQ2a summary of findings and strength of evidence for ADHD interventions

Intervention and | Outcome Number of Findings Reasons for | SoE
Comparison Studies; Downgrading
Study

Behavior N/A Indirect comparisons did not suggest | D Low for no

an effect effect
Broadband N/A Indirect comparisons did not suggest | D Low for no
measures an effect effect
ADHD N/A Indirect comparisons did not suggest | D Low for no
symptoms an effect effect
Functional N/A Indirect comparisons did not suggest | D Low for no
impairment an effect effect
Acceptability | N/A Indirect comparisons did not suggest | D Low for no
of treatment an effect effect
Academic N/A Indirect comparisons did not suggest | D Low for no
performance an effect effect
Appetite N/A Indirect comparisons did not suggest | D Low for no
suppression an effect effect
Participants N/A Indirect comparisons reported D, C Insufficient
with adverse conflicting results
events
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Intervention and | Outcome Number of Findings Reasons for | SoE
Comparison Studies; Downgrading
Study
Behavior N/A Indirect comparisons did not detect D,C Insufficient
effects, but few studies addressed
co-occurring disorders systematically
Broadband N/A Indirect comparisons did not detect D, C Insufficient
measures effects, but few studies addressed
co-occurring disorders systematically
ADHD N/A Indirect comparisons did not detect D,C Insufficient
symptoms effects, but few studies addressed
co-occurring disorders systematically
Functional N/A Indirect comparisons did not detect D,C Insufficient
impairment effects, but few studies addressed
co-occurring disorders systematically
Acceptability | N/A Indirect comparisons did not detect D, C Insufficient
of treatment effects, but few studies addressed
co-occurring disorders systematically
Academic N/A Indirect comparisons did not detect D, C Insufficient
performance effects, but few studies addressed
co-occurring disorders systematically
Appetite N/A Indirect comparisons did not detect D, C Insufficient
suppression effects, but few studies addressed
co-occurring disorders systematically
Participants N/A Indirect comparisons did not detect D, C Insufficient
with adverse effects but few studies addressed co-
events occurring disorders systematically
KQ2b diversion Misuse 2 studies®> | Did not indicate any issues D,C Insufficient
497

Notes: ADHD = attention deficit hyperactivity disorder, C = inconsistency, D = indirectness, KQ = Key Question, N/A = not
applicable, SoE = strength of evidence

Across 1dentified studies, we either detected no evidence of effect modifiers or the research
base was insufficient for any evidence statements. We downgraded results for indirectness given
that the comparison was indirect, across studies. In several instances, we also downgraded for the
domain inconsistency because consistency could not be assessed or could not be assumed
because the identified studies did not cover the entire range of possible variables (e.g., a small
number of studies only addressed co-occurring disorders systematically).

We identified only a small number of studies that systematically addressed co-occurring
disorders, and evidence is insufficient for concrete evidence statements. Only two studies
reported on diversion, and it was therefore not possible to quantify the risk of diversion of
pharmacological treatment.
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6.1 Key Question (KQ) 3 ADHD Monitoring Key Points

e Very few monitoring studies have been reported and more research is needed on how
youth with attention deficit hyperactivity disorder (ADHD) should be monitored over
time.

e Different assessment modalities may provide valid but different perspectives and more
than a single assessment modality may be required for comprehensive and effective
monitoring of ADHD outcomes over time.

6.2 KQ 3 ADHD Monitoring Summary of Findings

We identified a small number of studies addressing a monitoring strategy.
466,545, 609, 629 R esults of the individual studies are shown in Appendix D, Table D.3. However,
studies did not provide information on the predefined key outcomes.

The potential for risk of bias in the KQ3 studies is documented in Figure 92. The critical
appraisal for the individual studies is in Appendix D.

173,203, 255, 256, 268, 274,

Figure 92. Risk of bias in Key Question 3 ADHD monitoring studies
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Notes: ADHD = attention deficit hyperactivity disorder

Across studies, selection bias was likely present in two studies.?’* 46 Performance bias was
present in two studies.?®® 27# Attrition bias was also present in two of the identified studies.!"* 2%
Detection bias was determined to be present in three studies.!”® 27 466 Reporting bias was likely
in one study.>* In the small set of studies, a third were rated as high risk of bias for other
sources, 255 268, 629

Figure 93 shows the distribution of applicability issues in KQ3 studies. The applicability for
the individual studies is in Appendix D.
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Figure 93. KQ3 applicability rating
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Notes: KQ = Key Question, N/A = not available

Given the small number of available studies, results of the different monitoring strategies are
documented in Table 26. More details can be found in Appendix Table C.3.

Table 26. KQ3 monitoring strategies evidence

Study: Intervention, Results

Author, Year; Analysis,

Location Follow Up

Cedergren, Open-label monitoring consisting of 5 follow-up Bonferroni-adjusted pairwise

2021173 visits in 12 months using a continuous performance | comparisons showed statistically

Sweden test (QbTest) and investigator rating on the ADHD- | significant reductions in QbTest and
RS. ADHD-RS scores over the 12-month

study.

Qualitative comparison of change in ADHD-RS and
QbTest scores over 12 months Both measures appear to capture
symptom change over time, but weak
correlations between the measures
suggest that their role in medical follow-
up might be complementary rather than
interchangeable.

Naturalistic follow up, with medication administered
according to clinician judgement of need.

Cohen, 1989203 Randomized, double-blind, placebo-controlled Both rating scales demonstrated

United States crossover study of the use of monitoring ADHD significant change in symptoms
symptoms — before and during treatment with (inattention and hyperactivity on the
methylphenidate — using the ADD-H ADD-H scale; hyperactivity on the
Comprehensive Teacher Rating Scale, Conners Conners scale) during treatment with
parent rating scale, and the Gordon Diagnostic methylphenidate compared with placebo,
System (a computerized continuous performance whereas the Gordon task did not
task assessing vigilance and impulse control). demonstrate change.
Group differences in change in symptom scores Rating scales, but not this continuous
over time. performance task, appear helpful in

monitoring the short-term effects of

Naturalistic follow up, before and during treatment stimulant treatment.

with fixed-dose (5mg for children weighing less
than 30kg, 10mg for children weighing 30kg or
more), short-acting methylphenidate administered
twice daily for 1 month, with measures collected at
baseline, 1 month (the time of crossover), and 2
months (endpoint).
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Study: Intervention, Results
Author, Year; Analysis,
Location Follow Up

Epstein, 2007%¢
United States

12 pediatric practices were randomly assigned to
receive access to collaborative consultative
services or a control group. In the collaborative
consultation services, pediatricians were
encouraged and assisted to use rating scales for
symptom monitoring and titration trials to determine
optimal medication dosages. Physicians were
taught to prescribe 4 different doses of
methylphenidate during a titration trial (placebo, 18
mg, 36 mg, 54 mg); the order of week-long dosing
was blinded but standardized across patients
(week 1, 18 mg; week 2, placebo; week 3, 36 mg;
week 4, 54 mg) to determine optimal dosing for
each patient. Parents and teachers completed
weekly behavioral ratings (Conners Global Index) &
side effect rating scales. Data were returned to
Duke Univ psychiatrist to determine the best
starting medication dose; a report describing the
titration results was faxed back to pediatricians.

Patients in control group practices received
treatment as usual, without access to consultative
services.

Assessed Conners Global Index & side effect
rating scales.

Monthly follow up with Conners and side effect
rating scales for 12 months, sent to Duke U
psychiatrists for interpretatin, with
recommendations returned to the pediatrician

Use of symptom ratings did not differ
significantly by group, nor did the change
in symptoms over time. Pediatrician
compliance with the collaborative
consultation service was poor
(pediatricians for 29 of 59 patients in the
consultation group received a titration
trial and 13/59 participated in monthly
medication monitoring). Preliminary
secondary analyses indicated that those
children whose pediatricians complied
with titration had significantly better
outcomes compared with those who did
not and TAU controls (group x time
P<.01) Children in the collaborative
consultation service—complier group had
a 27% reduction in symptom scores
compared with 18% reduction in the TAU
controls and 13% reduction in
consultation non-compliers.

Epstein, 201625
United States

Cluster randomized controlled trial of either a
technology-assisted quality improvement (Ql)
intervention or TAU control. QI intervention
consisted of 4 training sessions, office flow
modification, guided Ql, and an ADHD Internet
portal to assist with treatment monitoring versus
TAU control practices

Assessed intervention effects on parent- and
teacher-rated ADHD severity using on the
Vanderbilt ADHD total symptom score.

12 months follow up

Intent-to-treat analyses examining
outcomes (parent ratings of ADHD
severity) in all 577 children assessed for
ADHD were not significant (b=-1.97,
P=0.08), but among the 373 children
prescribed ADHD medication, a
significant intervention effect on reducing
parent-rated symptom severity (b=-2.42,
P=0.04) but not teacher-rated symptoms
was observed. Prescriber compliance
with treatment guidelines was poor, as
only 373 of the 577 patients received
medication at any time in the 1-year
follow-up, and many who did receive it
were prescribed sub-optimal doses.
Compared with the

usual care group, providers in the
intervention group had 25% more patient
contacts (d=.38, p=.0008) and collected
4.6 (d=.57, p<.0001) and 9.9 (d=.54,
p<.0001) times more parent and teacher
ratings, respectively. However, providers
in the intervention group collected parent
ratings in only half and teacher ratings in
a quarter of their patients during the
initial year of medication treatment.

Fiks, 2017268
United States

Cluster-randomized open label trial at the practice
level (9 intervention, 10 control sites) for 3-
component quality-improvement program that

Differences between intervention arms
were not statistically significant, though
clinicians in both study arms were
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Study: Intervention, Results

Author, Year; Analysis,

Location Follow Up
employs distance learning: (1) 3 15-minute Web- significantly more likely to administer and
based presentations on evidence-based practices receive parent and teacher rating scales
for managing ADHD in primary care; (2) optional compared to an 8-month baseline period.
collaborative consultation with ADHD experts via a | Intervention clinicians who participated in
health system online networking site or private at least one performance feedback call
email/telephone conversation; (3) and performance | were more likely to send out parent
feedback reports or calls every 2 months informing | rating scales than intervention clinicians
them of their rates of sending and receiving ADHD | who did not participate (relative
rating scales from parents and teachers and difference of 14.2 percentage points,
allowed them to compare their results to results of 95% CI: 0.6, 27.7. For all study
the entire group; feedback reports were discussed outcomes, practices with the highest
during four, 1-hour conference calls). Participation rates of clinician participation in the study
qualified for Maintenance of Certification credit (= 80%), were not superior to practices
from the American Board of Pediatrics. Collection with lower rates of involvement (< 80%).
of rating scales was facilitated via an electronic Participation was low (105 of 166
application linked to the electronic health record invited); 42 of 53 in the intervention
versus waitlist control group completed all 3 education

e o o .
Number of pgrent and teacher rating scales sent r;r::f g:,itl]%lsdbsa%ﬁsgaﬁ’) :r? CT I1C épgggol)n at
out and received back assessed participated in all 3 components of the
intervention.

Florida Randomized to receive either osmotic release oral | All groups significantly increased their

International system-methylphenidate alone (78%) or behavioral | weight gain. Drug holidays + monitoring,

University, therapy alone (22%). After 6 months, children with caloric supplementation + monitoring,

201077 a decline in body mass index >0.5 z-units were and monitoring alone all led to increased

United States

randomized to 1 of 3 weight recovery treatments:
(1) monthly height/weight monitoring plus daily
medication; (2) drug holidays on non-school days
(with monthly monitoring); or (3) daily caloric
supplements (with daily medication and monthly
monitoring).

Standardized body weight and height assessed

18 follow-up visits over 30 months

weight velocity in children taking CNS
stimulants, but with no differences
between groups, and no intervention led
to increased height velocity. When
analyzed by what parents did (versus
what they were assigned to), caloric
supplementation (p<0.01) and drug
holidays (p<0.05) increased weight
velocity more than monitoring of height
and weight. Over the entire study,
participants declined in standardized
weight (-0.44 z-units) and height (-0.20
Z-units).

Oppenheimer,
2019466

United States

Naturalistic study of a Web-based platform
enabling clinicians to administer online monthly
clinical questionnaires to parents and teachers for
monitoring of patients remotely between visits.
Trigger algorithm alerts clinicians to clinically
actionable events that are documented in the
medical record versus non-alert group

Patients were the unit of analysis. Parent and
teacher reports of current medication, medication
side effects inventory, Vanderbilt ADHD Parent
Rating Scale, Clinical Global Impression-Severity
(CGI-S) scale, and Clinical Global Impression-
Improvement (CGl-I) scale

15 months follow up

Trigger algorithms produced alerts
requiring immediate review in 8% of the
parent reports. Clinicians perceived 74%
of alerts to be significant enough to
prompt urgent follow-up with parents,
suggesting a low rate of false positive
alerts. Patients who generated alerts
compared to those who did not had more
severe ADHD symptoms (beta = 5.8,
95% CI: 3.5-8.1 [p < 0.001] in the 90
days prior to an alert, further supporting
validity of the alerts.

Smith, 2000°%
United States

A assessed the reliability, validity, and unique
contributions of self-reports by adolescents
receiving treatment for ADHD in a summer

Average reliability for the adolescent
self-report across all measures was .78
(range .74-.83), similar to the reliability of
.82 for counselors (range .78-.85), and
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purpose of the app is to facilitate communication
with MD; app includes questions on severity of
ADHD symptoms and potential side effects and
can also function as a medication reminder

Treatment as usual, without app

Study: Intervention, Results
Author, Year; Analysis,
Location Follow Up
treatment program that included self-monitoring as | significantly better than the teacher
a treatment component. reliability of .60 (range .51-.68). Teacher
and counselor ratings on the Conners
Self—rep_orted IOWA. (_Zonners o ) changed significantly during stimulant
Inattentlon/Ov.eractlw_ty and Qppos[tlonal/Deflant treatment whereas adolescent self-
subscales, ratings of mteractlo_ns_v.wth peers and ratings did not. The findings suggest that
staff. Assessed changes in reliability during a adolescents can provide reliable
placebo-coptrolled, cross-over study of 30 mg of information on their symptoms, but not
methylphenidate. beyond what parents can provide.
Observed frequencies of negative behavior, rating | Adolescents may also be poor sources
from parents and teachers of information about the change in ADHD
symptoms, but a good source of
intormation about improved interactions
with others in response to treatment.
Weisman, Mobile app allows patients or their parents to report | CGI-Severity no significant difference
201860 their clinical status following initiation of No significant difference on ADHD-RS,
Israel prescription or after changing medication dosage; possibly due to inadequate power,

Significant difference (p= 0 .008) favoring
intervention group on the Clinician
Rating Scale (CRS). Intervention group
had significantly better adherence, as
measured by pill count (p <.015).

Yang, 20126%
Korea

Naturalistic study of symptom monitoring and
medication adherence assessed using the
Medication Event Monitoring System, a bottle cap
with a microprocessor that records all instances
and times that the bottle is opened

Patient self-report, clinician rating, pill count
assessed; measure of adherence

8 weeks follow up

The rate of non-adherence was 46.2%,
higher than patient self-report of 17.9%,
clinician rating of 31.7%, and pill count of
12.8%. Pill count and monitoring system
concordance was 0.249 (95% CI: 0.102-
0.386). Self-report concordance was
0.237 (95% Cl: -0.024-0.468). Non-
adherent patients had more severe
symptoms at baseline and inferior
improvement compared with adherent
patients.

Notes: ADD-H = attention deficit disorder with hyperactivity, ADHD = attention deficit hyperactivity disorder, ADHD-RS =
ADH rating scale, CI = 95% confidence interval, CGI-I = Clinical Global Impression-Improvement scale, CNS = central nervous
system stimulants, CRS = clinician rating scale, GGI-S = (Clinical Global Impression-Severity scale, KQ = Key Question, MD =
medical doctor, QB test = quantified behavioral test, RR = relative risk, TAU = treatment as usual

We identified 10 studies addressing some type of monitoring strategy for ADHD.!73: 203 255,
256,268,274, 466, 545, 609, 629 Three studies of ADHD rating scales and/or a computerized continuous
performance task assessed their reliability and sensitivity to detect symptom change over time.
The studies reported a relatively poor correlation between these measures over time, whether the

correlations were between different raters on the same rating scale

>45 or between assessment

modalities (e.g., rating scale vs computerized performance test).!”* 2% Both subjective

assessment modalities (e.g., self-report, parent, teacher, and clinician rating scales
more objective measurement modalities (e.g., continuous performance task

)173, 203, 545 and

)!73 may be sensitive

to clinical change in response to treatment, but one study suggested that subjective measures may
be more sensitive to detecting treatment-associated changes in ADHD symptom severity and

other functional outcomes.

203

Three studies assessed the impact on ADHD symptoms of interventions that target
medication prescriber training to improve either symptom monitoring or adherence to treatment

guidelines. One study assessed the impact of collaborative consultative services,
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6. Results: Monitoring of ADHD

assessed the impact of a quality improvement intervention on outcome monitoring?%® 71% or

ADHD symptoms.”'? Collectively, the studies showed that medication prescribers (mostly
pediatricians) exhibited poor compliance in attending training programs for quality improvement
in treating ADHD.?%2%8 Even when they did participate in those traininigs, pediatrician
compliance with treatment guidelines was poor, as the pediatricians rarely acquired ratings of
symptom severity from either parents or, even less often, from teachers,?>® 28 even when the
intervention increased the collection of ratings compared with waitlist controls.?® Moreover,
pediatricians often did not prescribe stimulant medication for youth who met diagnostic criteria
for ADHD,?> 2% and when they did prescribe, the doses were sub-optimal,®>> even when
provided intensive advice and support services from mental health specialists.>*® Youth whose
prescribers participated in the consultative services from specialists, however, had greater
reductions in ADHD symptom severity.?® One study assessed the validity of alerts generated by
a computer algorithm based on ratings from monthly monitoring of ADHD symptom severity.
Alerts were then sent to prescribers notifying them of putatively actionable clinical events.*¢
Prescribers deemed the alerts to be generally valid, suggesting that computerized algorithms
applied to symptom ratings combined with automated clinican alerts may have clinical utility.

One study of youth who had stimulant-induced weight loss compared the effects of (1) height
and weight monitoring alone, with (2) caloric supplementation plus monitoring, and (3)
medication holidays plus monitoring on the trajectory of weight gain.?’* All three interventions
increased weight significantly, suggesting that monitoring of height and weight during
medication administration may be efficacious in attenuating stimulant-induced weight loss,
though the study did not include the no-intervention control that would have been needed to
prove this. Intent-to-treat analyses showed that the addition of caloric supplementation or
medication holidays did not provide significant incremental benefit on attenuating weight loss
when compared with monitoring alone, though per-protocol analyses suggested that the use of
these additional interventions yielded significant additional benefits.

One study used a mobile app to allow patients or their parents to continuously report their
clinical status. The study only reported on eight weeks of follow up after initiating the
intervention.” One study continuously assessed patients and evaluated the use of an electronic
bottle cap for stimulant medication to monitor treatment adherence.®? Non-adherence was
shown to be higher when monitored with this bottle cap compared with patient report, clinician
rating, and pill count. The methods used to assess adherence correlated weakly with one another.
Non-adherent patients had more severe symptoms at baseline and inferior improvement
compared with adherent patients, providing evidence for the validity of the bottle cap method for
monitoring adherence. If the bottle cap is considered the gold-standard, then self-reports,
clinician impressions, and even pill counts would be deemed unreliable measures of medication
adherence.
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We identified a large body of evidence contributing to the knowledge base on attention
deficit hyperactivity disorder (ADHD) diagnostic tools, treatment outcomes, and monitoring
strategies. We included studies dating back to 1980, marking the advent of modern diagnostic
criteria for ADHD and the introduction of long-acting forms of stimulant medication. The
questions addressed in our review were informed by Key Informants and supported by a
Technical Expert Panel. A dedicated systematic review team with content experts conducted a
detailed synthesis of existing research, including over 500 studies in this systematic review.

Despite the large number of publications included, our review has limitations in its scope
due, in part, to decisions about which studies to include in the review. For example, we required
intervention studies to treat participants for at least four weeks to ensure that the studies assessed
sustained, and not merely temporary, effects on outcomes. This decision excluded some early
studies of ADHD treatment that have contributed to the development of the field. We also
required studies to be either large or to report a power analysis to ensure that they were
sufficiently powered to detect effects. This criterion ensured the reader would not be left
guessing whether a study was either underpowered to show effects or genuinely showed the
absence of evidence of an effect. This criterion, however, also excluded studies that have
contributed historically to the evidence base. We furthermore limited treatment studies to youth
with a clinical diagnosis of ADHD, which excluded studies that evaluated interventions in
broader populations. Finally, we restricted publications to the English language, which may have
excluded other important studies that have contributed to the evidence base.

Findings in Relation to the Decisional Dilemma(s)

The following text discusses findings in the context of the decisional dilemmas the review set
out to address.

Diagnostic Approaches for ADHD

Studies of diagnostic approaches most commonly report sensitivity (true positive rate) and
specificity (true negative rate) for a given diagnostic threshold applied to the measure being
assessed. Sensitivity and specificity, however, depend on the diagnostic threshold selected, and
their values are inherently a trade-off, such that varying the diagnostic threshold to increase
either sensitivity or specificity reduces the other. Interpreting diagnostic performance in terms of
sensitivity and specificity is therefore difficult. Investigators instead often report performance for
sensitivity and specificity in terms of Receiver Operating Characteristics (ROC) curves because
the area under the curve (AUC) provides an overall, single index of performance that does not
depend on the diagnostic threshold for the tool being assessed. AUC values range from 0.5
(corresponding to the y=x diagonal of the ROC curve, and indicating that the tool provides no
information above chance for classification) to 1.0 (corresponding to the x=0 vertical line, which
indicates that the test can correctly classify all participants as having ADHD, and all non-ADHD
participants as not having it — a perfect test). AUC values are commonly interpreted as follows:
90 to 100 represents excellent performance; 80 to 90 good; 70 to 80 fair; 60 to 70 poor; and 50 to
60 indicates failed performance. Our assessment of performance of the various tools was
specifically for clinical diagnosis compared with a diagnosis made by expert mental health
clinicians, distinct from any other clinical utility the tools may have.
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Many diagnostic studies in this review aimed to distinguish ADHD youth from neurotypical
controls, which is of limited clinical relevance: in clinically referred youth, most parents,
teachers, and clinicians are reasonably confident that something is wrong, but they are unsure
whether the cause of their concern is ADHD. The more clinically relevant and difficult question,
therefore, is how well the measures distinguish ADHD youth from youth who have other
emotional and behavioral problems. Moreover, studies that simply discriminate ADHD youth
from neurotypical controls cannot discern whether diagnostic performance is determined by the
presence of ADHD or by the presence of any other characteristics that accompany clinical
“caseness,” such as the presence of comorbid illnesses or effects of chronic stress or current or
past treatment.

Overall, AUCs for parent rating scales ranged widely from poor®* to excellent,®*? with a low
strength of evidence due to imprecision and study limitations. Analyses restricted to the Child
Behavioral Checklist (CBCL) (the most commonly evaluated scale) yielded more consistent
good AUC:s differentiating youth with ADHD from others in clinical samples, but the number of
studies contributing data was small. One study reported moderate rater agreement between
mothers and fathers for inattention, hyperactivity, and impulsivity. Internal consistency for rating
scale items was generally high across most rating scales. Reported test-retest reliability was
substantial, but only two studies reported on the measure.

AUC:s for teacher rating scales ranged from failed performance (distinguishing ADHD from
either neurotypical controls or other patients*!) to good (distinguishing ADHD from either
neurotypical controls or clinic patients®>®) with a low strength of evidence, primarily due to
imprecision. The internal consistency for scale items was generally high. Teacher ratings
demonstrated very low rater agreement with the corresponding parent rating scales, suggesting
either a problem with the instruments or a large variability in symptom presentation that
depended on environmental context (home or school).

Clinicians likely need ratings from both parents and teachers to yield a more complete
representation of symptom expression across informants or settings. We found only two studies,
however, that formally combined ratings from parents and teachers to diagnose ADHD, with one
study reporting limited specificity when using the Conners to distinguish ADHD from other
clinically referred youth,'® and a machine learning study reporting excellent diagnostic accuracy
when using the Behavior Rating Inventory of Executive Function (BRIEF) to distinguish ADHD
youth from typically developing controls.*’

Though data are limited, self-reports from youth seem to perform less well than
corresponding parent and teacher reports, with AUCs ranging from failed for Child Behavioral
Checklist/Achenbach System of Empirically Based Assessment (CBCL/ASEBA) distinguishing
ADHD from other patients*! to good for the Strengths and Weaknesses of ADHD Symptoms
and Normal Behavior Scale (SWAN) distinguishing ADHD from neurotypical controls.!6% 2%7

Studies employing combined approaches, such as integrating diagnostic aids with clinician
impressions, were limited. One study reported increased sensitivity and specificity when an
initial clinician diagnosis was combined with an electroencephalogram (EEG) biomarker for that
patient (the reference standard was a consensus diagnosis from a panel of ADHD experts).?’
These findings were not independently replicated, and no test-retest reliability was reported.

AUCs for all blood biomarkers ranged from 0.68 (serum miRNAs)®* to excellent
(erythropoietin and erythropoietin receptors levels)’” in differentiating ADHD from
neurotypical youth, but with a low strength of evidence. None have been independently
replicated, and no test-retest reliability was reported.
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Diagnostic Accuracy for Youth Younger Than 7 Years of Age

We found only a small number of studies in youth younger than seven year of age. Only
three of the studies assessed the performance of rating scales: the CBCL ADHD Problems Scale
to distinguish ADHD (co-occurring with a disruptive behavior disorder) from a disruptive
behavior disorder alone with “good” AUC;'®” or the total score for the Disruptive Behavior
Diagnostic Observation Schedule to distinguish ADHD (with or without a comorbid disruptive
behavior disorder) from typically developing youth also with “good” AUC;'¢” or the BRIEF to
distinguish ADHD from typically developing controls (average diagnostic accuracy was
excellent). The other studies assessed imaging or EEG measures, with AUCs ranging from fair to
excellent. The findings provide very little evidence for the utility of any diagnostic approach in
youth younger than age seven, though the two studies of rating scales suggest that performance
may be comparable to performance of similar scales in youth older than seven.

Comparative Diagnostic Accuracy of EEG, Imaging, or Executive
Function Measures for Youth Aged 7 Through 17

Most studies used machine learning for classification based on EEG measures. AUCs ranged
from poor!®’ to excellent in differentiating ADHD youth from neurotypical controls.*!? Strength
of evidence is low due to large variations in diagnostic performance across studies, and often the
methods for classification were not well described. The intraclass correlation coefficient (ICC)
for the Theta/Beta ratio, based on repeated measures on two different visits, was 0.83.?

In the neuroimaging studies, AUCs ranged from “poor” for distinguishing ADHD youth
without co-occurring disorders from healthy controls!!® to “excellent” for distinguishing ADHD
youth from healthy controls.>®! Most studies relied on machine learning to develop the diagnostic
algorithms, and none assessed test-retest reliability or the independent reproducibility of
findings.

Many machine learning studies have been reported to date. Machine learning has usually
been applied retrospectively to pre-existing datasets or repositories. AUCs generally were not
reported for machine learning studies. Using EEG data, sensitivity ranged from 80 percent (with
equal specificity)!” to 98 percent (also with high corresponding specificity).!>” 17> Using MRI
data, sensitivity showed a wider range from 61 percent (with a corresponding specificity of
68%)'1%8 to almost perfect sensitivity and specificity.’®! Most studies attempted to discriminate
ADHD youth from healthy controls retrospectively in pre-existing datasets, not from other
clinical populations and not prospectively. In addition, reporting of final mathematical models or
algorithms differentiating the diagnostic groups was limited. The overall strength of evidence is
low.

Most of the EEG and imaging studies have employed leave-one-out cross validation and
have rarely assessed performance in independent samples not contributing to generation of the
diagnostic algorithm -- a serious overall weakness. No independent replication studies using the
same marker/measure have been conducted, and very few have assessed test-retest or inter-rater
reliability. No clinical effectiveness studies have been performed using these measures or
diagnostic algorithms in the real world. Thus, biomarker, EEG, imaging, and machine learning
algorithms do not seem remotely close to being ready for clinical application.

Studies evaluating neuropsychological tests yielded AUCs ranging from poor
excellent'* in differentiating ADHD youth from both neurotypical controls and other patients,
with a low strength of evidence. Many studies used idiosyncratic combinations of cognitive
measures, including various measures from continuous performance tests (e.g., errors of

24,263 to
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omission, errors of commission, response time, response time variability, and detectability) to
differentiate ADHD from control participants. These idiosyncratic combinations make the results
of meta-analyses difficult to interpret. Extracting specific, comparable measures of inattention
and impulsivity from continuous performance tests yielded diagnostic performance ranging from
poor to excellent in differentiating ADHD youth from neurotypical controls, and fair in
differentiating from other patients.?!2* 192 Only one diagnostic study assessed test-retest
reliability, which was poor. No studies provided an independent replication of diagnosis using
the same measure. Strength of evidence for continuous performance tasks (CPT) measures was
low; thus, despite the widespread use of neuropsychological testing in the evaluation of youth
suspected as having ADHD, often at considerable expense, indirect comparisons of AUCs
suggest that the performance of neuropsychological test measures in the diagnosis of ADHD is
comparable to the diagnostic performance of ADHD rating scales from a single informant, and
the overall strength of evidence for estimates of that diagnostic performance is low. Moreover, in
head-to-head comparisons, the diagnostic accuracy of parent rating scales is typically better than
neuropsychological test measures.*¢7- 732

Variation in Diagnostic Accuracy by Clinical Setting or Patient
Subgroup

We did not identify studies that directly compared diagnostic accuracy in head-to-head
comparisons across different clinical settings. Instead, we had to compare performance
indirectly, across studies. In addition, the reporting of diagnostic accuracy data was limited, and
therefore analyses had to be performed on estimates as reported by the original authors,
precluding meta-analytic modeling. Indirect comparisons nevertheless indicated that the setting
is an effect modifier for diagnostic performance. The range of reported diagnostic sensitivities
was narrower in non-clinical samples, indicating that the detection of true positive cases was
more consistent across studies in the community when compared to clinical settings, perhaps
because ADHD youth identified in community samples are much less complex and less
heterogeneous in their presentations than those presenting in clinical settings. We also found that
specificity (the rate of identifying true negatives) was significantly lower when diagnosing
ADHD youth in community settings compared with clinical settings. A lower true negative rate
indicated that youth in the community who did not have ADHD were mistakenly diagnosed as
having ADHD, perhaps because they had symptoms that were confused with those of ADHD.
We also found that diagnostic specificity was significantly lower when differentiating ADHD
youth from other patients than from neurotypical controls, likely because patients with other
clinical problems have symptoms that overlap those of ADHD. Thus, the diagnostic group being
differentiated from ADHD — whether it is neurotypical “healthy” controls, or youth who have a
different emotional/behavioral/psychiatric disorder — and the setting in which the diagnostic tool
is being applied has a critical role in diagnostic performance. We also found some indication that
diagnostic performance was better for youth who were older compared with younger than 7 years
of age (Figure 14), but effects were not statistically significant. Hence, we analyzed studies of
mixed samples together and reported on the diagnostic performance by diagnostic test modality,
rather than by age group.
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Adverse Effects of Being Labeled Correctly or Incorrectly as Having
ADHD

We did not identify any study that addressed the consequence of correctly or incorrectly
receiving a diagnosis of ADHD.

Safety and Effectiveness of Pharmacologic and Nonpharmacologic
Treatments

Analyses that included studies of all therapeutic interventions, regardless of treatment
modality, provided strong evidence for the significant efficacy of treatments in improving
ADHD outcomes. We conducted extensive analyses to understand which classes of interventions
produced significant therapeutic responses in various clinical outcome domains. We can compare
the magnitude of those therapeutic responses (effect sizes) across interventions, as well as within
and across outcome measures, using the standardized mean difference (SMD) for the active
compared with control intervention. SMD values of 0.2 to 0.5 are considered small, 0.5 to 0.8
medium, and above 0.8 are large. We will use the descriptive terms in summarizing the
magnitude of treatment responses here, but the precise numerical values can be found in the
Results section.

We note that many of the studies for psychosocial interventions, parent support,
neurofeedback, and nutritional and supplement therapies, compared the active intervention
against either wait list controls, treatment as usual, or another passive intervention group, and
therefore they did not adequately control for the effects of parent or therapist attention and other
non-specific effects of therapy. In addition, many of these studies were unable to blind either the
youth undergoing treatment, their patents, the treating clinician, or study assessors to treatment
assignment and study hypotheses,!!> 1% predisposing assessment of outcomes to reporter bias,
particularly as parents and teachers often have an allegiance to non-medication interventions.'!*”
1198 These limitations in study design considerably undermines the strength of evidence for
psychosocial, parent, neurofeedback, and nutritional interventions.

With these caveats noted, numerous classes of intervention yielded significant effects on
measures of ADHD symptom severity. These included: Food and Drug Administration (FDA)-
approved medications collectively; stimulant medications collectively, and methylphenidate and
amphetamines separately; nonstimulant medications collectively, and norepinephrine reuptake
inhibitors (NRIs) and alpha agonists separately; psychosocial treatment collectively;
neurofeedback; nutrition or supplements; and parent support. All had small to medium effect
sizes, except stimulants, which had large effect sizes, especially amphetamines, which also had
highly variable effect sizes. Augmentation of ongoing stimulant treatment with non-stimulant
medication (alpha agonists) yielded small but statistically significant improvements in ADHD
symptoms compared to augmentation with placebo. Half the neurofeedback studies were at high
risk of bias, and when those studies were excluded, effects on ADHD symptoms were no longer
significant. Seven omega 3 studies, a subset of nutritional supplements, did not yield significant
effects on ADHD symptoms or other outcomes. A newer stimulant medication (not approved for
ADHD treatment), modafinil, produced significant improvement in ADHD symptoms in each of
four studies, though in aggregate the medium effect size for improvement was not statistically
significant due to effect size heterogeneity. The strength of evidence for effects on ADHD
symptoms is high for FDA-approved medications collectively and for stimulant and non-
stimulant medications separately; strength of evidence is moderate for psychosocial
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interventions, and low for neurofeedback, parent support, the group of nutritional interventions,
and non-stimulant augmentation of ongoing stimulant therapy.

For broadband measures, FDA-approved medications and stimulants collectively yielded
significant, medium-sized effects, with comparable effects for amphetamine and
methylphenidate derivatives, though amphetamines yielded much more variable effects across
studies. Only one stimulant study included children younger than six years of age.' Non-
stimulants collectively, and NRIs and alpha agonists separately, also improved broadband scale
scores, with a moderate effect size. Only one non-stimulant study included children younger than
six years old.?”® Parent support had significant small effects across a small number of studies and
low strength of evidence, and cognitive training had medium effects across an equally small
number of studies with low strength of evidence. For disruptive behaviors, significant
improvement was observed with FDA-approved medications and parent support, with moderate
effect size, and with cognitive training and nutrition or supplements, both with small effect sizes
and low strength of evidence. For functional impairments, only FDA-approved medications, as
well as stimulant and non-stimulant medications collectively yielded significant improvement,
with effect sizes that were medium, large, and small, respectively. No treatment modality yielded
significant meta-analytic effects on academic performance, though only nine studies (3
psychological, 1 stimulant, 1 combined psychological plus stimulant, and 4 school interventions)
assessed this as a treatment outcome. One study assessed the effectiveness of an FDA-approved
medication in improving academic performance and found large, significant, and positive
effects; all other individual studies yielded nonsignificant improvements of small effect size. We
found only one neuromodulation study (direct current stimulation), a small number of studies
assessing the effects of exercise, or the effects of complementary and alternative medicines that
met our inclusion criteria; none yielded significant improvement in any ADHD outcome
domains. Thus, the large number of studies combined with their medium-to-large effect sizes
allow us to conclude with a high strength of evidence that FDA-approved medications
collectively improve ADHD clinical outcomes in all domains we assessed — in ADHD symptom
severity, broadband measures, disruptive problem behaviors, and functional impairment.

Medication therapies were associated with adverse events, including appetite suppression,
with a high strength of evidence. Stimulants were associated with an increased number of
participants reporting adverse events compared with placebo, with a similar but nonsignificant
effect of methylphenidate and a similar though significant effect of amphetamines. Stimulants
were associated with appetite suppression compared to placebo, with somewhat smaller effects
for methylphenidate than for amphetamines. Non-stimulants compared with placebo were
associated with an increased number of participants reporting adverse events, with comparable
rates in NRI studies and alpha agonists. Non-stimulants were also associated with suppressed
appetite compared to placebo, with significant appetite suppression from NRIs but weaker and
non-significant effects from alpha agonists. Studies of non-pharmacological therapies rarely
reported the systematic assessment of adverse effects.

The most common head-to-head comparison between two alternative medication treatment
types was atomoxetine versus different methylphenidate medications, which did not detect
significant differences in effects on ADHD symptoms, broadband measures, behavioral
problems, functional impairment, appetite suppression, or the number of patients experiencing
adverse events, though the direction of effects consistently favored methylphenidate medications.
Indirect comparison of studies evaluating stimulants and non-stimulants compared to control
groups showed larger reported effect sizes for stimulants providing greater improvement for
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ADHD symptoms and broadband measures while functional impairment, appetite suppression,
and the number of participants reporting adverse events were comparable. We identified only
one head-to-head comparisons of NRIs versus alpha agonists that met eligibility criteria. It
reported significantly greater improvement in ADHD symptoms from the alpha agonist
guanfacine over the NRI atomoxetine, with a small effect size, though indirect comparisons did
not find a significant difference between alpha agonists and NRIs in their effects on any outcome
domains.

We found little evidence that youth-directed psychosocial and medication interventions are
better in improving ADHD outcomes when delivered in combination than as monotherapies.
Most of these studies, however, compared the effects of combination therapy against the effects
of medication alone, which is a high bar to surpass. Combination compared with monotherapy
yielded an improvement in ADHD symptoms with a small effect size at a trend-level of
statistical significance, but no evidence for improvement in other outcome domains.
Furthermore, our findings suggest that combined medication and youth-directed psychosocial
therapies do not improve ADHD symptoms better than either medication or behavioral therapy
alone. We note, however, that few combinations have been evaluated and these analyses do not
consider the possibility that exact sequencing of psychological and medication therapies may
produce differential effects on outcomes.?% 47!

Very few studies have evaluated the long-term effectiveness of any treatment modality for
any ADHD outcome domains. For example, only one study of an FDA-approved medication
(atomoxetine)!* that met our inclusion criteria evaluated effects on long-term outcomes. It found
significant improvement in broadband measures, with a very large effect size, but no effects on
ADHD symptoms or functional impairment, and significantly more adverse events and less
weight gain, compared with placebo. Two studies of psychosocial interventions (behavioral
therapy and attention training and a sleep intervention in sleep-disordered youth) produced
evidence for significant long-term improvement in ADHD symptoms, with a moderate effect
size;>3* 523 one also evaluated treatment satisfaction, finding a small and nonsignificant effect.
Three studies of parent support found negligible and non-significant long-term effects on ADHD
symptoms,??® 25729 two studies found nonsignificant long-term effects on broadband
measures'!% 2% and one on functional impairment.??® Two neurofeedback studies reported long-
term effects on problem behaviors and functional impairment that were small and not
significant.!?% %% One of these studies reported a small but significant long-term improvement in
ADHD symptoms,**® whereas the other reported small nonsignificant effects.!?® Two studies of
school-based interventions assessed effects on long-term outcomes.?>%>*! One (a study of an
intensive summer program) found no improvement in ADHD symptoms or school disciplinary
problems compared to no intervention.>*! The other (a school-based training intervention) found
no significant improvement in impaired peer relations for ADHD youth.>>® Neither intervention
improved long-term academic performance. More studies assessed the long-term effects of
combined pharmacological (stimulant) and behavioral treatment on ADHD outcomes; however,
only one assessed long-term effects on ADHD symptoms and functional impairment, finding
small, nonsignificant effects for each.>** Two assessed long-term effects on problem behaviors,
with conflicting results.'%”-34 One study reported small, nonsignificant long-term effects on
broadband measures.'%” Thus, with few exceptions, the body of evidence suggests that most
interventions, including combined medication and psychological treatment, yield no significant
long-term improvement in most ADHD outcomes.
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Variation in Outcomes by Clinical Presentation
We found little evidence that treatment outcomes varied by ADHD presentation but available
data were limited.

Risk of Medication Diversion

We found only one study that assessed the risk of medication diversion in the treatment of
ADHD. It was a double-blind randomized controlled trial comparing stimulant plus cognitive
behavioral therapy (CBT) vs placebo plus CBT in treating adolescents who had ADHD with
comorbid substance use disorder (SUD). The stimulant arm had twice the self-reported rate of
diversion than the placebo arm which, though not statistically significant, suggests that further
studies of diversion and stimulant misuse is warranted, particularly in ADHD youth with SUD.
Caution is indicated when prescribing stimulants to ADHD youth who have comorbid SUD.

ADHD Monitoring

We identified only 10 studies pertaining to the assessment of monitoring strategies for
ADHD outcomes.

Several of the studies indicated that monitoring measures correlated poorly over time,
whether the correlations were between different raters using the same rating scale®® or between
different assessment modalities (e.g., rating scale with computerized performance test).!’* 2%
These findings suggest that assessment modalities may be more complementary than
interchangeable, and that more than a single assessment modality may be required for
comprehensive and effective monitoring of ADHD outcomes.!”* 3% One study suggested that
subjective outcome measures, such as rating scales, may be more sensitive than more objective
measures, such as the continuous performance task, for detecting treatment-induced changes in
ADHD.**”

Three studies assessed the effects on ADHD symptoms of interventions that train
pediatricians to improve either their symptom monitoring or their adherence to treatment
guidelines.?>> 236268 Despite very extensive training efforts, and even when expert support and
consultation was available,?® pediatricians exhibited poor compliance in attending training
programs for treating ADHD,?>% 26% and even when they did attend, pediatrician compliance with
treatment guidelines was poor, both in terms of monitoring treatment response and in following
dosing guidelines. Use of expert consultative services and compliance with recommendations
was poor. 23

One study suggested that monitoring height and weight, combined with either medication
holidays or caloric supplementation, may be helpful for attenuating stimulant-associated weight
loss but not slowing of height velocity.?’* Another study suggested that use of an electronic
bottle cap may be more accurate and valid than patient reports, clinician impression, or pill
counts for monitoring of medication adherence.®?’

Findings in Relation to Existing Research Syntheses and
Practice Guidelines

The conclusions and clinical recommendations of this review are generally consistent with
those of the two prior Agency for Healthcare Research and Quality reviews on ADHD.!" > The
Key Questions of the 2011 review focused primarily on long-term (> 1 year) treatment
effectiveness and adverse effects, whereas the three Key Questions of the 2018 review were

193



7. Discussion

nearly identical to ours. The 2018 review served as an important resource for development of the
2019 clinical practice guidelines for the evaluation and treatment of ADHD from the American
Academy of Pediatrics (AAP),'"® which in turn was the primary source for the recommendations
from the U.S. Center for Disease Control for the diagnosis and treatment of ADHD.!?%

Our findings for diagnostic tools suggest that the clinical diagnosis of ADHD likely benefits
from ratings of ADHD symptoms from multiple informants, which is consistent with the AAP
guidelines that advise documentation of symptoms and impairment in more than one setting
(such as home and school), with information obtained from parents, school personnel, and
mental health clinicians. To these informants we would add that inquiring about symptoms from
both parents, and directly from the youth, can also be helpful. The 2018 review did not assess the
diagnostic performance of ADHD rating scales. That review concluded, however, that brain
imaging and EEG had insufficient evidence to support their use as diagnostic tools, consistent
with our conclusions, and despite the FDA approval of one EEG measure as a purported
diagnostic aid.?® 2" To those conclusions we add that neuropsychological tests (including
measures from continuous performance tests) and blood biomarkers also do not yet have
sufficient evidence to serve as diagnostic tools.

Our treatment findings concluded that FDA-approved stimulant and non-stimulant
medications had the greatest strength of evidence across all interventions for significantly
improving ADHD symptoms and other outcomes. Thirty-five papers that met criteria for
inclusion in the current review assessed treatment effectiveness for more than a year, which was
the focus of the 2011 review. That 2011 review concluded with a low strength of evidence that
methylphenidate and atomoxetine were both effective long-term, though the average effect sizes
after a year were somewhat lower than those for the short-term studies included in the present
review. The 2018 review did not restrict the time frame for treatment, but nevertheless found
insufficient evidence to modify conclusions for the effectiveness of FDA-approved medications.
The present review adds to these prior reviews by providing mean effect sizes for comparisons of
FDA-approved medication with placebo on improving not only ADHD symptoms, but a range of
other important outcomes as well, at least for short-term outcomes. The current review also
showed that stimulant and most non-stimulant medications yielded comparable effects on key
effectiveness outcomes when these medications were compared head-to-head. Clinical guidelines
advise starting treatment for youth older than six years of age with FDA-approved medications,
which the findings of this review support.

The current review did not find that combination therapies of medication plus psychosocial
therapies produce better results than medication alone. Moreover, we found that the effect sizes
for parent therapies tended to be smaller than those for other interventions in improving ADHD
outcomes. The 2011 review found larger effect sizes than we found for parent training for
preschool youth with ADHD or disruptive behavioral disorders, but the prior review included
studies that did not meet criteria for inclusion in our review. The 2018 review also found that
parent training improved ADHD symptoms, but the review did not provide a mean effect size.
Neither of the prior reviews assessed the effectiveness of combination treatment. The AAP
clinical guidelines for preschool children advise treatment with parent training and/or classroom
behavioral interventions as the first line of treatment, if available. These recommendations
remain supported by the present review, particularly given the paucity of prior medication
studies for preschool children. The guidelines also recommend the combination of parent
training, classroom interventions, or behavioral interventions with medication therapy for older
youth with ADHD, though no evidence suggests that this combination of therapies is better than
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monotherapy, and some evidence from head-to-head comparison studies suggests that the
combination is not better than monotherapy.

The 2018 review found some evidence that cognitive training, and insufficient evidence that
neurofeedback, improve ADHD symptoms. Our report includes substantially more studies and
we found low strength of evidence that cognitive training does not improve ADHD symptoms,
and some evidence that neurofeedback does, although the strength of evidence is low. We also
found, with low strength of evidence, that the group of nutritional supplements and dietary
interventions improve ADHD symptoms and problem behaviors. However, the approaches were
very diverse, and approaches assessed in more than one study did not show an effect. The
evidence for specific nutritional or supplement interventions is still too low to suggest their
routine use.

The 2018 review found no papers pertaining to the assessment of monitoring strategies for
youth with ADHD, whereas our current review identified ten such papers. The APA and Centers
for Disease Control and Prevention (CDC) clinical guidelines do not include recommendations
for monitoring strategies.

Implications

Our review points to the complementary nature of rating scales from multiple informants —
from both parents if possible and from teachers, and even from the youth as well — since the
scores tend to correlate poorly with one another and because ADHD symptoms in the same child
can vary across settings. No single informant is a gold-standard. Multiple informants will
provide a more complete clinical picture for how symptoms are expressed and perceived in
different settings, and they will accordingly inform clinical judgement when making a diagnosis.
Similarly, neuropsychological test measures of executive functioning, such as the CPT, may help
inform a clinical diagnosis, but they are not definitive either in ruling in or ruling out a diagnosis
of ADHD. Rating scales and neuropsychological tests are more helpful in diagnosis when the
clinical question is whether a youth has ADHD or is healthy, rather than when the clinical
question is whether a youth had ADHD or another mental health or behavioral problem, which
tends to incorrectly identify youth with other clinical conditions as having ADHD. Biomarkers,
EEG, and magnetic resonance imaging (MRI) are not yet close to being ready to aid clinical
diagnosis. Ultimately, a valid and reliable diagnosis of ADHD requires the judgment of a
clinician who is experienced in the evaluation of youth with and without ADHD, with the aid of
standardized rating scales and input from multiple informants across multiple settings, including
parents, teachers, and the youth themselves.

An increasing number of treatment modalities have been shown to significantly improve
ADHD symptoms, and with comparable effect sizes when delivered as monotherapies. These
include stimulant medications (methylphenidate and amphetamine), non-stimulant medications
(particularly the NRIs atomoxetine and viloxazine, as well as the alpha agonists clonidine and
guanfacine), individual psychosocial treatments, neurofeedback, and nutritional interventions,
though very few of the non-medication studies have employed precisely the same interventions,
which precluded an assessment of which specific interventions within each of these treatment
categories were most effective. Psychosocial interventions, parent support, neurofeedback, and
nutrition and supplements may exert considerably weaker effects on ADHD symptoms than the
other interventions. Strength of evidence is high for medications and moderate for the other
treatment modalities. The absence of head-to-head studies comparing the effectiveness of these
monotherapies precludes recommendations regarding which is most likely to be helpful and
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should be tried first. Stimulant and NRI medications, separately and in head-to-head
comparisons, have shown effectiveness and similar rates of side effects, including appetite
suppression. The combination of treatment modalities, including combined medication plus
psychosocial therapy, has minimal evidence for improving ADHD outcomes, and in fact a
moderate strength of evidence indicates that combined therapy is no better than monotherapy.
Treatment guidelines that recommend combination therapy!!®® 12011202 should consider that
successful combinations showing clear superiority still need to be explored and identified. A
further finding of this review is that only FDA-approved medications have been shown to
statistically significantly improve broadband symptoms and functional impairment.

Findings from studies that attempted to train pediatricians in better adherence to ADHD
monitoring and treatment guidelines suggest that training established pediatricians to adhere
more closely to the guidelines does not work and that either much stronger incentives are needed
for established pediatricians (such as including training and demonstrated compliance in criteria
for maintenance of board certification), or else demonstrable guideline adherence should be
included in pediatric residency training programs.

Strengths and Limitations

A major strength of this review is its inclusiveness, incorporating publications from 1980 and
yielding more than 500 separate studies that informed our findings. Other strengths include: a
review of evidence for the utility of biomarkers, EEG, and neuroimaging measures in the
diagnosis of ADHD; parsing of non-pharmacological therapies by the target of the therapy (the
youth, parent, or school); and the parsing of ADHD outcome measures to provide more clarity
on the functional domains that treatments affect.

Despite the large number of included studies, we restricted this review to studies that
reported on children with a clinically confirmed diagnosis of ADHD, excluding studies with
broader samples (such as evaluations of psychosocial programs that were not specific to youth
with a clinical diagnosis). In addition, although studies of children of all ages were eligible for
inclusion in the report, the number of studies exclusively addressing younger children with
ADHD were relatively few. The median minimum age in included studies was six years old.
Samples were predominantly male, and the median number of girls included in the studies was
only 25 percent. Furthermore, smaller studies were not included unless they demonstrated a
power analysis, which may have excluded studies of more intensive treatments. We also
excluded studies documenting very short-term treatment effects by requiring studies to report on
a minimum treatment duration of four weeks. This requirement may have excluded relevant brief
interventions, or very intense psychosocial interventions delivered in a short time period.
Furthermore, this synthesis was focused on outcomes selected with the help of an expert panel,
and it should be noted that individual interventions may show effects on other outcomes.
Because few studies compared treatment effects in direct, head-to-head comparisons, we had to
explore modifiers indirectly, across studies. Finally, despite a very comprehensive search, few
monitoring studies were available to inform this report.

Future Research

One of the most important potential uses of this systematic review would be the identification
of effect modifiers for both the performance of diagnostic tools and therapeutic interventions —
for example, determining whether a diagnostic tool performs better or worse, or a treatment is
more or less effective, in one patient subgroup than another (Key Question [KQ] 1c and KQ?2a),
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such as in younger or older patients, in ethnic minorities, in those experiencing material
hardship, in patients with a comorbid illness, or in those with a specific ADHD presentation.
These analyses are essential for improving clinical assessments and treatment planning. Future
studies of ADHD should more systematically address the modifier effects of these patient
characteristics. More research is needed on the performance of diagnostic tools, the
consequences of being misdiagnosed as either having or not having ADHD, the real-world
effectiveness and long-term outcomes of medication and other therapies, and effectiveness of
monitoring strategies. Much more research is needed on the diagnosis and treatment of preschool
children who have ADHD.

Future Research on ADHD Diagnosis

Future studies of diagnostic tools should include assessment of how well the tools distinguish
ADHD youth not simply from typically developing youth, but especially from youth who have
other emotional and behavioral problems. They should also assess the potential adverse
consequences of youth being incorrectly diagnosed with or without ADHD. Research is needed
to identify consensus algorithms that combine rating scale data from multiple informants to
improve the clinical diagnosis of ADHD, which at present is unguided, ad hoc, and suboptimal.

Despite the theoretical promise and a large number of prior studies of the use of continuous
performance tests, EEG, or imaging to diagnose ADHD, conclusions about these potential
diagnostic tools was severely limited by the use of different diagnostic measures within each test
modality, differing diagnostic thresholds applied to those measures across studies, and differing
algorithms that combine those variables to reach a diagnostic decision, and the frequent failure to
clearly report those study elements in the publication. Therefore, to support future efforts at
synthetic analyses, diagnostic studies should report sufficient detail of their measures and
diagnostic algorithms -- precise operational definitions and measurements of the variable(s) used
for diagnosis, any diagnostic algorithm employed, the chosen statistical cut-offs, and the number
of false positives and false negatives the diagnostic tool yields.

Studies of diagnostic tools should include ROC analyses to support comparison of test
performance across studies that are independent of diagnostic threshold for the tool. Studies
should also include assessment of test-retest reliability to help discern whether variability in
measures and test performance across settings is a function of setting or is a consequence of
measurement variability across time. Future studies should address the role of co-occurring
disorders in the diagnostic process and their influences on their performance of the diagnostic
tools. In addition, more studies are needed that compare the diagnostic accuracy of different test
modalities head-to-head.

Making available in public repositories the raw, individual-level data, as well as the
algorithms or computer code, for diagnostic tools is important to aid future efforts at replication,
synthesis, and new discovery. Independent replication of performance measures of diagnostic
tools in real-world settings is essential prior to FDA approval and before recommendations for
widespread clinical use.

Finally, the "diagnostic tests” that are most often used clinically, usually at considerable
financial expense, are neuropsychological measures of “executive functioning”. These include,
among others, measures of working memory and errors of omission on continuous performance
tests (thought to represent the clinical construct of inattention) and measures of impulsive
responding on continuous performance tests (thought to represent the clinical construct of
impulsivity). These and other objective, quantitative neuropsychological test measures of
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executive functioning notoriously correlate only weakly with the clinical constructs of
inattention, impulsivity, and hyperactivity that are based on observation of real-world behavior
and that define ADHD.!”® Many youth with ADHD have normal executive functioning profiles
on neuropsychological testing, and many who have impaired executive functioning on
neuropsychological tests do not have ADHD.!?*> A major open question for future research is
how these two constructs—neuropsychological test measures of executive functioning and the
real-world functional problems that define ADHD—map on to one another, and how the
correspondence of that mapping can be improved.

Future Research on ADHD Treatment

More trials are needed that compare alternative interventions head-to-head or that compare
combination treatments with monotherapy. Future studies of psychosocial and parent
interventions should employ study designs that support more valid causal inferences and higher
strength of evidence for the effectiveness of the interventions assessed, including active attention
comparator conditions and effective blinding of participants and assessors to study interventions
and hypotheses.'!*> 1'% More and higher quality studies with independent replication are needed
to assess the effectiveness of individual complementary and alternative therapies, as well as
exercise. Much more research is needed to assess long-term treatment compliance, long-term
treatment effectiveness across a wide array of interventions, patient-centered outcomes beyond
ADHD symptom improvement, medication diversion, and adverse effects associated with
treatment (including non-pharmacological interventions).

Studies evaluating ADHD interventions should address the role of patient characteristics as
modifiers of treatment effects. This effort will help to identify which treatments are most
effective for which patients, to aid in the development of personalized treatments for youth with
ADHD. To aid discovery and confirmation of these modifiers, future treatment studies should
make publicly available all individual-level demographic, clinical, comorbidity, treatment, and
all available outcome data (not only the primary outcomes), together with a detailed data
dictionary. Patient-centered outcomes that assess functional domains other than ADHD
symptoms, such as functional impairment and academic performance, should be acquired in
clinical trials and shared publicly.

Future Research on ADHD Monitoring

Much more research is needed that compares the utility of various strategies for monitoring
outcomes and tracking response to treatment over time in ADHD youth. The temporal stability
of outcome measures and their sensitivity to change in response to treatment should be assessed
to support ADHD monitoring strategies.

Future synthetic studies should also consider reviewing studies of long-term outcomes in
ADHD youth, even if not in the context of comparing monitoring strategies, as the findings will
be of interest to patients, parents, and clinicians and will critically inform treatment decisions.

Applicability

Several included studies reported multiple exclusions for eligible participants, which limited
the generalizability of findings. Diagnostic performance, as well as treatment effects in clinical
practice, may not translate from the favorable effects shown in the documented research to real
world practice. In addition, the number of girls included in the identified studies was small and
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several studies did not include any female participants, potentially limiting the applicability of
the findings.
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